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FOREWORD

This report presents the efforts expended by the Naval Surface Weapons
Center (NSWC) to generate data to improve quantity-distance standards for
handling and storage of stacked munitions. The hazard classification under
investigation is the mass-detonating hazard materials (Class 1, Division I).

The work was accomplished for the Department of Defense Explosives Safety
Board (DDESB) under Military Interdepartmental Purchase Requests CE-NSWC-78-1
of 30 June 1978 and CE-NSWC-79-1 of 22 August 1978. The technical monitor of
the program for DDESB is Dr. T. A. Zaker.

This report has been reviewed and approved by J. J. Walsh, Head, Terminal
Effects Branch, and R. Shank, Head, Lnvironments Division.
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INTRODUCTION

The Department of Defense Explosives Safety Board (DDESB) is conducting a
continuing program to evaluate the fragment hazards produced by the accidental
detonation of stored munitions. In support of this effort, the Naval Surface
Weapons Center (NSWC) was funded in July 1975 to conduct the Fragment Hazard
Investigation Program. The purpose of the program is to provide the DDESB with
the necessary fragmentation data to improve or to substantiate the quantity-
distance (QD) standards of Reference 1. Reference 1 specifies the safe and
efficient storage of stacked munitions according to specific hazard classifica-
tions. The hazard class under investigation is the mass-detonating hazard
materials (Class 1, Division 1). Mass-detonating items are those for which
instantaneous explosion or detonation of the entire quantity may be expected in
the event of an accident. Munitions of this type consist of bulk explosives
and certain propellants, mines, bombs, demolition charges, torpedo and missile
warheads, rockets, palletized projectiles loaded with TNT or Composition B, a-
in. and larger high-capacity projectiles loaded with explosive "D", and other
munitions listed in Reference 2.

NSWC was directed by the DDESB to conduct tests with the ARMY M107 155-mm
projectile (TNT-loaded), in order to permit comparison of the results with
those of previous tests of large stacks of the same projectile) In addition,
NSWC was authorized to conduct concurrent analytical efforts in support of the
test activities. The analytical studies were to be viewed as a program of
continual review of experimental data and design of new tests. This combined
effort was divided into three phases. Phases X and II were designed to provide
the necessary fragment characterization data to develop a fragmentation model
that describes the fragment hazards produced by projectile clusters that simulta-
neously de~tnate. The largest cluster of projectiles tested during Phases I
and II was a ýingle pallet of eight projectiles bagAdnd in a two-by-four matrix
(standard storaqe configuration). These efforts I yve been completed, and the
results are documented in an NSWC technical report." Phase IX1 was designed to
investigate the fragment hazards produced from projectile clusters that deto-
nate by means of natural communication (only one projectile primed). The data
wore gathered from small-scale (single pallet) detonation tests similar to
tho'e of Reference 4 and from the conduct ot large-scale detonation tests
(multiple pallets) designed for far-field fragment collection. These data were
combined with the exiorinmental findings from Phases I and I to validate equa-
tions previously developed" for the prediction of far-field fragment density.

This technical report addresses the Phase lIt efforts of the testing and
analytical studies group. A description of the small and large-scale tests and
an analysis of the far-field collection data are presented. The implications
of the test results upon existing QU criteria are discussed.

iiI



',zTEST AND ANALYSIS PROGRAM

BACKGROUND

The test program was designed to be a follow-on effort of Phases I and II1

that dealt with 155-mm projectile clusters that were simultaneously detonated.
Utilizing these experimental findings, a series of tests were designed to char-

acterize the fragment hazards produced from a projectile cluster that is deto-
nated by means of natural communication (only one projectile is primed).

The characterization was based on close-in fragmentation data and far-
field fragment collection data. The data included polar and azimuthal spatial
references, and range where applicable, for frdgment weights (W), numbers,
velocities (V), and presented adeds (A).

APPROACH

The fragmentation data required to characterize projectile clusters that
detonate oy means of natural communication were accumulated by conducting a

. series of small-scale tests followed by a series of large-scale tests. The
test methods utilizd throughout the test series reflect the basic test designs

* and definitions of Reference S. A description of tte tragment collection meth-
ods and data handling techniques are presented in Aplendix As

The small-scale tests were conducted at NSWC atd consisted of gathering
fragmentation data on pro)octi.le clusters of two# four, and eight projectiles.
These projectile configurations wore identical to the sconarios used in the
animuthal tests4 and *ere indicative of the standard pallet design (projectile
spacinig 7 in. etn ter-to-conter). Tho detonation by means of natural communica-
tion was achieved in each proaaetile configuration by priming only one projoc-

tile. A Hercules Engineer's Special Blastinq Cap assembled in a modified US
Army NHb4 point-detonatinq (PN) nose fuze was used for the detonation, The
fragmentation data were collocted as a fnction of polar angle measured from
the direction of the nose of the projectiles in a cluster with their longitu-
dinal axis vertical.

The large-scale tents consited of qathering far-field fragment collection
data on stacks of stanlard shippinq •xillets of 155-mm projectiles that were
detonated by means of natural communication. Each pallet contsisto of eight
vertic.-l projectileg banded in a two-by-tour matrix. The4e te.ts wore con-

*•:;.'. ducted Jt the White Sands 141ssile Rawge (WSAH), New IC4xico, and consisted of
detonating (naturai communication) 1, 8, 16, and 36 pallets of projectile&.

5I4ALL-SCAL" T~r;

The small-scale test series began with the detonation by moeans of natural
communication of two, four, anud eight projectiles configured in the arena de-

signs of Figure 1. Two firiigs of the two- atd four-projectile configurationst
2.



and four firings of the eight-projectile configurations were conducted between
12 and 28 July 1977. Each configuration consisted of one donor projectile.
The tests were setup to characterize the fragment patterns observed 4 in earlie
tests for each of the configurations. Fragment velocities and hole count data
were gathered 36U0 azimuthally over a polar region of 90 to 1050. High-speed
motion picture cameras were used to record the fragment penetrations through
22-gauge steel witness panels. This information was used to calculate the
fragment velocities. The fragment hole count data were taken from the witness
panels after each test, in order to map the fragment concentrations. A list o
the fragment hole count data and velocity information is presented in Appendix

TOP VIEW
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FRAGMENT CONCENTRATIONS

An analysis of the hole count data, presented in Appendix H, and the trag-
ment velocity information (Figures 2 through 5) revealed that high-density
fragment concentrations with velocities higher than a single round are forming.

A close inspection of the velocity data indicates that these concentrations are

similar to the ones formed from the area between adjacent projectiles (projec-
tile interaction area) that are simultaneously detonated. 1 However, the high-
velocity fragment concentrations were found to have an appreciable angular
shift in the azimuthal impact points, as compared to simultaneous detonation.
At the completion of the test series shown in Figure 1, the fragment hole count
data showed that the azimuthal shifts were completely predictable and depended
upon the primed projectile location. The angular shifts fall into three cate-
gories.

1. A shift of approximately 114 that occurs when two adjacent projectiles
are nonsimultaneously detondted by a third projectile.

2. A 280 snirt that r suits when a projectile detonates a single adjacent
projectile.

3. No shitt in the concentration occurs when two adjacent projectiles are
simultaneously detonared hy another source.

9000-

t 600

04 0 1 2 0 1 6 2 0 r ,o 0 24 4 1 o 3 2 0r 3 "

AZrIMU11NAt 10011i[ d"I

Figune 2. Avoerage Vrajoent Voloct~tev for Polar Uone W to 1U5"

for Wgt No. QU•-1•5-S2

.44



CL

ago4go06

41

a 40 so I"* I" 0 ~0~O 0 *

Figut.re 4. Ave*rage Fragnet Ve ocitie4 for Polar Zone W4 to 950

fo l o.W15S



9000-

• •. 7500-

CD

3 000-10= 14500-

•÷ ; < 3000-

0 40 so 120 160 200 240 280 320 360

*1- AZIMUTHAL ZONE (dog)

Figure 5. Average Fragment Velocities for Polar Zone 90 to 1050
for Test No. QD-155-S8A

Figure 6 illustrates the concentration locations for a full-pallet detona-
tion. The main concentration appears to come from the long side of the pallet
away from the detonation source (azimuthal zone 70 to 1200). Smaller concen-

* . trations are evident at 169, 242, and 3150. Fragments from the interior of the
pallet may be escaping from the 3150 concentration, which is formed by the
simultaneous detonation of projectile nos. 2 and 8. In order to properly
characterize the fragmentation phenomena associated with the high-velocity

>1 fragment concentrations, two follow-on, smull-scale fragment collection tests
were conducted.

•,•'•" . •000

Figure 6. Fragment Concentration Locations for the
Detonation of Projectile No. I
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The first fragment collection test was conducted 7 November 1977. The
test consisted of the detonation by means of natural communication of four
projectiles in a cube configuration. The test identification number is QD-155-

* SC4 and was designed to characterize the fragment-weight number distributions
of the high-velocity fragment concentrations observed in the previous tests.
Fragments were collected for 3600 azimuthally for polar region 75 to 900.

* ,Figure 7 is a sketch of the projectile cluster configuration positioned in the
arena layout. A copy of the fragment weight-number data and average presented
area data (A) is presented in Appendix B.

ISO

% 90 +270

PNOSI INmAY I POLAR COV RAQG
INOU is TO *0'

PRAUMMN RICO VINi• •ILOTX O"

I AZIMUTHAL MI848S AMN IN SANtR|MI NTS
P PROJICY11. SPACING Ot 0 "CtNTIR 10C#N?4R
I POLAR 20611i ASiS IN "INC•I•INTS
t. 0AAWIi4 Not81 ToAL k

Figue 7. Arena Layout for Test No. QD-155-SC4

A Lull pallet of eight projectiles banded in a two-by-four vertical con-
figuration waa used for the final, small-scale fragment collection test. The
•test identification number is Q)-155-SC12 and consists of tle combined frayien-

tation data from three separate pallet detonations conducted 20 June 1978,
5 June 1980, and 23 July 1980. The combined data included fragment collection
for 1806 azimuthally for pular region 90 to 1050 and 50 azimuthally for polar

* regions 75 to 90. and 100 to 120. Frayment hole count data were combined to
include a polar region of 6S to U209 for 1800 of azimuth. Figure 8 is a sketch
"of the typical arena layout utilized for the three single-pallet detonations.
A copy of the fragment weiqAt-number and average presented area (A) data is
presented in Appendix H.

.7
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Figure 8. Arena Layout for Test No. QD-1 $5-SC12

COMPARISON4 WITH SIMULTANEOUS DETON4ATION

The fragmentation data from the full-pallet natural-communication detona-
tion test (QD-155-5C12) were analyzed and compared with the results of the
full-pallet simultaneous detonation test (QD-155-12).4 The analysis showed:

I* The metal in the shaded area of Figure 9 (interior casing) does not
enter into the fragment distribution but is instead trapped within the
interior area. This was proven for the simultaneous detonation ofa
pallet" and can be shown for natural communication detonation by com-
paring the total fragment weights recovered for both types of detona-
tion. For example, the total metal weight r-ecovered from polar zoite

90 to 950 (0 to 180* azimuth) for the natural communication detonation
test wias 99105.2 grains. The total fragment weight recovered from the
same polar zone and azimuthal angles for the simultaneous detonation
of a pallet was 99246.4 grains. Similarly, the total metal weight
from polar zone 95 to 100* (0 to 1801 azimuthal) was 213197.6 grains

a for QD-155-SC12& and 229743*8 grains for QD-155-l2. Therefore, there
is no indication of a contribution to the interaction area on the long
sida of the. pallet. from the interior of the pallet as a result of
natural communication detonation,,



I ~AI

Figure 9. Fragments are Trapped within the Shaded Area

2. Fragments from the interaction area on the long side away from the
primed projectile will be concentrated in a beam approximately 450
wide azimuthally as compared to 200 wide azimuthally for simultaneous
detonation. A comparison of these data is presented in Figure 10.
Fv theLlnore, the total fragment weight recovered from the interaction
area for simultaneous detonation (polar zone 90 to 1000) and natural
communication detonation (polar zone 90 to 1050) is 170315.0 and
163745.5 grains, respectively. This indicates that the polar spread
of the fragment coacenLration is 50 wider than simultaneous detona-
tion.

C SIMULTANLJUS ETONAYION 4O0 411
""Z NAURAt. LOMMUNICATION

OVTONATION
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ii! -iFigure 10. Fragmentt Distribution



3. The slope of the weight-number distribution (Mott Plot) for the inter-
action area fragments approximates the slope of the M~ott Plot for
interaction area fragments from the simultaneous detonation of a pal-
let. Figure 11 presents a comparison of the Mott Plot for interaction
area fragments from each detonation scheme. The similarity of the
slopes of a first-order, least-squares fit to the data is apparent.

--ODA12?1 90*100P 90'-100'AZ

10.6

~103

CC a

0 a

0 S S 3 l 404 4 1 4
IGUAPA PAOD WNWUT 1. IN I

Figure 11. Fragment Weight-Number Distribution for Natural communication
Detonation of a Pallet of 155-mm Projectile (QD-M5-SC12)

4. The ballistic efficiency of fragments from the interaction area is
similar to the ballistic efficiency of fragments from the interaction
area for the simultaneous detonation of a pallet. Reference 4 shows
that a measure of fragment ballistic efficiency is provided by analyt-
iilg the distribution of the number of fragments as a function of gamma
(A/W), Figure 12 presents a comparison of this distribution for in-
teraction. area fragments from the detonation of a pallet by both dot-
onation schemes. The slopes of a least-squares fit to the data are
quite similar, which indicates that the distribution of gamma is equiv-
alent for both types of detonation*

io
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Figure 12. Gamma Distribution for Simultaneous Detonation (QD-155- 1 2) and

Natural Communication Detonation (QD-155-SC12) of a Pallet

SUMMMAY

To summarize, the significant difference between natural communication and
simultaneous detonations of a pallet of 155-mm projectiles is in the angular
width and velocity of the fragment concentrations produced from the pallet
interaction areas. The natural communication detonation producas a wider con-

centration that is less densely packed with fragments traveling at a lowor
velocity than those produced by simultaneous detonation. The t4ott Plot and

gamma distribution parameters characterizing the fragment concentrations are
equivalent for both types of detonation.

These data imply that the fragment concentrations from the pallet inter-
action area possess the greatest potential to produce far-field fragments.
However, empirical data were not available to indicate that similar fragment
concentrations would occur as the result of the detonation of a multiple-pallet
stack. Therefore, the detonation of multiple-pallet st4z-ks was necessary to
obta£ In the far-field fragment data necessary to evaluate empirical relations
previously developed" using small-scale test data.

11



LARGE-SCALE MULTIPLE-PALLET TESTS

The large-scale, multiple-pallet detonation tests were designed based upon
the fragment patterns characterized in the small-scale fragmentation arena
tests. These tests were conducted at WSMR on the Dice Throw test site from
August 1979 to March 1980. Approximately 255 acres of high-elevation desert
were bladed clear of foliage and surveyed according to range and azimuthal
location for far-field fragment collection. Blast overpressure data were also
measured for each test. Blast gages were located on two perpendicular lines at
distances corresponding to peak overpressures of 40, 10, 4, and 1 psi from a
TNT hemisphere of the same weight as the net explosive content of the projec-
tiles. Figure 13 shows the far-field fragment collection area, the blast gauge
locations, the stack configuration, and the donor projectile location for the
single-pallet configuration.

* 1 ~ ~RA(JMENY COLUiC1'ON s w96 oARI

4 O~OINTEWNAION 4 120

OzDONOR DETONATION~

DONO PRJCTL

k A t IIt 01 1ION4 AM~ IN 11
I At% 0IttA NttiiA4ht W 44VI k0 1 hOktk

ifi AND 0% A1'AUttili

Figure 13. Test Configuration for the N~atural. Communication Detonation
of a Pallet of IS~-mm Projectiles

The single-pallet confiquration was the first configuiration detonated in
the large-scale series. The test consisted of eight separate pallet detona-
-ii~fl. At the completion of the last firing, the far-field fragments were

1l1ected by hand pickup.
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The tollow-on sequence ot tests consLsted of an 8-pallet detonation, two
Ib-pallet detonations, and a 36-pallet detonation. Figures 14 through 16 are
sketches of thle test layout and donor projectiles' locations for each of the
stack contigurations.

iA M I A

4o>

/ / . rF

20 - it

DONOR PROJECTILE

- YZiTJZT SFELPLATE

I )i I IW2T NSII)NS AMI4 IN#,
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I I F l H )jI ,fI A(,K oT POINT Df TONATION
tI(ýill AL ITS 96(0 It, TNT

X IN•I(ATI S MFAST GA0IU JO('ATIONS
,)ANti !, A,"l,%1lt1TH

[IL AST tAUIF )INIAN( I S

1T 6F 1 .P AN[D 444 11

Figure 14. Fragment Collection Area for the Detonation
of Eight Pallets of 155-mm Projectiles

FRAGMENT CONCENTRATIONS

The first step in the analysis of the large-scale, multiple-pallet test
data was to count the number of the fragments recovered from each angular recovery
sector between the ranges of 500 and 2700 ft. The detailed data are presented
in Appendix B. The data plotted in Figures 17 through 19 show that the frag-

ment concentrations are forming at the positions (70 to 1200 azimuth) observed
for the single-pallet test (9D-155-SC12). Furthermore, from the data presented
in Table 1, the number of fragments in the fragment concentration is directly
related to the number of interaction areas (NIA) in the stack, since the

calculated number of fragments per interaction area is essentially constant for
each stack size.

13
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of 16 Pall.ets of 155-mm Projectiles
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Table 1. Number of Fragments i F'ragment Concentrations
Related to Number of Interaction Areas (NIA) in Sta•ck

ItackeSileo RecovefX)Sector Total No. No. Fra Iments per
,Pal1ets,. UI/A Fragmnents, Interactvken A•rea

a Is 90 to 100 1390 92*7
16 30 90 to 100 2545 84.8

•i36 46 90 to 100 3050 83.7

FRAGHWT WEIGH|T-NURBER DISTRIBUTION (MOTT PLOT)

SThe second step in the analysis of the multiple-pallet test data was to

weigh and sort the recovered fragments# in order to produce the weight-number
ij: distribution (Mott Plot). The tremendous quantity (numbers and weight) of

fr'agments recovered from the multiple-pallet detonation test made it

impractical to weigh and sort each and every tragment. it was decided to

tdte f~ragment concentrations. The detailed data for th~ese zones for each test
are contained in Appendix Ho
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Figure 20 presents the Mott Plot for the azimuthal sector of 90 to 950 and
the range of 500 to 2700 ft for the three multiple-pallet detonations (8, 16,
and 36 pallets). The slopes of a first-order, least-squares fit to the data
for each test are quite similar. The data and a least-squares fit for the
single-pallet natural communication detonation test (azimuthal zone 90 to 950,

polar zone 90 to 1200) are presented for comparative purposes. As can be seen,
the slope of the fit to these data are also similar to those of the multiple-
pallet detonation. This is further confirmation that the fragments from the
multiple-pallet detonation tests are similar in weight and number to the
fragments from the single-pallet natural communication detonation.

10.000 * SPALLET RANG WO TO 2O00%I

N. - $4 13 Ill 3 GRAINS
5,000 1 •6 PAL ET RANGE WO TO 2700 It

N." 140 1 k, M •t GRAINS

6 36PAL111 RANGI bOO TO, 700 to
N, ý 18" 0 M - A GRAINS

(JO 115 SC V PO.Ak ?ON# 9010O 130
N0 - 1060 ,-1i34 GRAINS

1A000 k, OATA FORZL•UAI t4JAI 1 0kI0 TO116

too.I

¶5010

J•.

F igure 20 , ott PLot Comparison for Mu4ltiple-ValLet
IDetonation Tests and SIangle-Pallet Arena Test
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FRAGMENT BALLISTIC kFeICIENCY

The fragments that were processed to produce the Mott Plots had their
presented areas measured, in order to evaluate their ballistic efficiency. As
previously mentioned, a good measure of fragment ballistic efficiency is pro-
vided by the distribution of the number of fragments as a function of gamma
(A/W). Figure 21 presents these data for the three multiple-pallet detonation
tests (azimuthal zone 90 to 950, range 500 to 2700 ft) and the single-pallet
natural communication detonation test (VD-155-SC12). The slopes of a first-
order, least-squares fit to the data for each test are similar and is a further
confirmation that the fragments from the multiple-pallet detonations are
identical to the fragments from the single-pallet natural communication
detonation.

10,000.
r 8&PALLET AZIMUTH 90 TO 965500 TO 2700 ItSNo" M a 8939.0
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AIR BLAST OVERPRESSURE

The peak air blast overpressure data contained in Appendix B are presented

graphically in Figure 22 as a function of range. Also shoin for comparative

purposes are the existing blast criteria (40 W 1 1 3) that corresponds to a peak
overpressure of approximately 1.2 psi. 6 Table 2 compares the range at which
1.2 psi occurs for each stack configuration to the 40 W11 3 range. The existing
criteria overestimate the actual 1.2-psi range.
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Figure 22. Peak Air blast overpressure Ita
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Table 2. Estimated 1.2-psi Ranges and Existig QD Criteria
(40 W113 ) for S;zck ConiLguration

Multiple-Pallet
Detonation

Stack Size Net Explosive Range (ft)
(Pallets) (Wt/lb) 950 Array 40 W'11

1 120 170 197
b 8 960 275 395
1 36 4320 620 651

SUMMARY

The multiple-pallet detonation tests showed that the pallet interaction
areas produce significant quantities of far-field fragments. The number of

I fragments recovered as a fun :;ion of range for the 8-, 16-, and 36-pallet (90
I to 950 azimuth) tests is presented in Figures 23 through 25. Also shown is the

existing fragment criteri., (1/600 ft 2 ). The range at which the fragment
density falls below the existing criteria is compared to the QD criteria

•'4 (40 W1/3 ) in Table 3. It is apparent that the existing QD criteria under-
estimates the fragment hazard for the stack configuration tested.
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.} ......
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Figure 23. Comparison of Recovery Data to Hazardous Fragment Criteria
for 8-Pallet Detonation
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Figure 24. Comparison of Recovery Data to Hazardous F'ragment
Criteria for 16-Pallet Detonation
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Table 3. Range at Which Fragment Density Falls Below
1/600 ft 2 Compared to QD Criteria (40 W1 / 3 )

Range (ft)
Stack Size 1/600 ft 2  40 Wi/3

8 1040 197
16 1360 395
36 1420 651

ANALYTICAL STUDIES

The far-field fragment data collected from the multiple-pallet detonation
tests indicate that the QD criteria may not be adequate for the specific stack
configurations tested. However, the goal of the program is to develop a capa-
bility to predict fragment density as a function of stack configuration and
size. This section describes the results of recent studies in the area of
fragment trajectory and the refinement of the empirical relations developed
during Phases I and I11 using the small- and large-scale test data.

FRAGMENT RANGE INVESTIGATION

The following section presents a discussion of the implications upon frag-
ment range of recent research conducted to further define the subsonic and
supersonic drag coefficients of typical fragments.

FRAG1ENT DRAG COEFFiCiENT (C.)

Two experimental fragment drag programs have been conducted. The first
program discussed in Reference 7 was conducted in the vertical wind tunnel at
the Edgewood Area of the Aberdeen Proving Ground to determine the drag coeffi-
cient of 58 fragments collected from the simultaneous detonation of 155-mm
projectiles. The fragments were divided into five characteristic shapes and,
as expected, there was a subsonic CI to shape correlation, Figure 2b pre-
sents a summary of the results. The maximum to minimum variations (disper-
sions) in CD for all five shapes (±0.24) compare favorably with the ±0.2
dispersion obtained for 105-mm projectile and 120-mm mortar projectile frag-
ments reported in Reference 8. The only surprise was the large difference in
mean values for the five shapes. Previous results8 had shown that the mean
values were equivalent for the two projectiles.

The second fragment drag program was conducted with MAMK 81 bomb fragments
in the Aeroballistic Research Facility at Eglin APB, Florida. Approximately
"100 fragments were tested at mach numbers ranging from 0.67 to 3,66.' The frag-
ments were divided into nine different shapes, and again there was an

" James W. McDonald, *Bomb Fragments," Eglin Air Force Bases 23 September 1980.

22



evident correlation between CD and shape. Only 11 fragments were tested at
subsonic conditions, and the CD varied from 0.68 to 1.61. Supersonic CD
varied from 0.76 to 2.98.

CHARACTERISTICS SMOOTH. ROUNDED SURFACE
DENSE
FLAT BOTTOM

RANGE OF C, :1.44 TO 1.11

STANDARD DEVIATION: 0.108
MEAN VALUE :1.268

COPPER BAND

CHARACTERISTICS LARGE PORTION OF BOTH SIDES

OF FRAGMENT IS FLAT
"FLAT SECTIONS ARE SMOOTH
NO GENERAL OVERALL SHAPE

RANGE OF Co 1.59 TO 1.211
STANDARD DEVIATION: 0 149
MEAN VALUE :1.433

BOX PLATEAU

/ CHARACTERISTICS : LARGE PORTIONS OF BOTH SIDES
ARE FLAT AND SMOOTH
OVERALL RECTANGULAR SHAPE

/RANGE OFCo .2.07 TO 1.34
STANDARD DEVIATION: 0.21129
MEAN VALUE :1.707

PARALLEL PIPED

CHARACTERISTICS : FLAT BOTTOM
FORMS A RIDGE AT TOP

RANGE OF C0  :131 YO .01
STANDARD DEVIATION; 0 t1
MEAN VALUf. 1. 132

MOUNTAIN RIDGE

"A_ CHARACTI.ISTiCS :,TRIANGULAR SNAPE

TWO OF ,HE THREE SURFACIS

•;E ARE GENERALLY SMOOTH
RANGE OF C : oSt3 TO 1,01
STANDARD A|VIATION" 0 15S
MEAN VALUE : 012

Figure 26. Fragment Types

These new data were combined to produce the minimum, average, and maximum

-CD curves for bomb and projectile fragments (Figure 27), For comparison, the
average CD curves contained in References 4 and 9 are shown as dashed lines.
It is assumed that at least 95% of all bomb and projectile fragments will have
a CU between the minimum and maximum limits shown.

A fragment that travels to the far-field spends the majority of its flight
time at subsonic velocity. Consequently, the accuracy of the value used for the

subsonic drag coefficient is critical to the accuracy of a range calculation.
"Also significantly affected by the subsonic CD is the impact velocity (VF)

of the fragment and, therefore, its terminal kinetic energy (KE). Table 4 pre-
sents the results of a particle trajectory calculation for a *typical* 155b M2

fragment; for example, (W = 1350 grains, V - 6500 ft/sec, a - 200, y a 8- }
using the minimum, average, and maximum C% curves presented in Figure 26.
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Figure 27. Coefficient of Drag Versus Mach Number

Table 4. Results of a Particle Trajoctory Calculation
Using C% Curves

•,;,. ;Final (Impact)

CD Curve Range (ft) VF (ft/sec) KE (ft/lb)

minimum 2790 141 60

Average 1980 115 40

maximum 1285 90 24
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The CD uncertainty for any one fragment shape will only be about one-
half the minimum to maximum CD difference. Assuming that the fragment used
above has mean CD equal to the average CD and a variation around the
average ±0.25 CD, the following effects are obtained in Table 5.

Table 5. Results of a Particle Trajectory Calculation
Using Average CD Curve ±0.25

Final (Impact)
CD Curve Range (ft) VF (ft/sec) KE (ft/lb)

CDAvg -0.25 CDAvg 2470 132 52
Coavg 1980 115 40
CDAvg +0.25 CDAvg 1650 104 32

The effect upon range and KE is still significant. The gamma data front

the large-scale, multiple-pallet detonation tests were analyzed to determine
which CD curve should be used for range calculations. The data indicated
that the mean CD is most representative of the "typical" 155-mm, far-field
fragment.

DEVELOPMENT OF EMPIRICAL RELATION

The development of an empirical relation to predict fragment density in
the far-field for a general weapon stack configuration is discussed in this
section. The relation is developed from the following equations.

NUMBER OF FRAGMENTS

it was shown in Reference 4 that a good representation for 155-mm
projectile fragments is provided by

1/3

N(Y<yl) m Noe Y)(1)

where

N(y<yl) = number of fragments with y less than a specified gamma (y 1 )

No constant that is equal to the number of fragments with y
less than infinity, or equally, mte number of fragments
with weight greater than zero. It is the theoretical to-
tal number of fragments including predicted fragments that
are the size of dust particles. No is not the number of

fragments collected,
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_'M13= slope of the straight line relationship when plotted on

semilogarithmic paper against 1/

y = average presented area to weight ratio of the fragments

(in. 2 /lb)

= represents any specified value of y

Since No in Equation (1) is developed from arena test data, it is based

on more than a 10 azimuthal zone and more than one fragment interaction area
(NIA) and will have to be corrected and a new variable redefined as,

N0
NOA = (DegAz)(NA) (1a)

where

NOA the theoretical total number of fragments for 10 azimuthal zone

and for one interaction area[ i DegAZ u the number of degrees in the azimuthal zone used to calculate

NIA number of interaction areas in the small-scale arena test used

to compute No

Equation (1) reduces to

N(Y<Y1 ) - N (e (1ib)

for 10 of azimuth and one interaction area.

I To be useful fox density calculations, Equation (ib) must be expressed in
terms of range. Using a particle trajectory program, the following relation
can be established.

y aRb (2)

or

R (2a)

where

R - range (ft)
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.1
a,b = constants developed based upon fragment velocity, drag coeffi-

cient and ejection angle (b is always negative)

Substituting Equation (2) into Equation (ib) yields

/R-b 1 1/3

N(R>R1 ) NOAe a /

where

N(R>R1 ) number of fragments with range greater than Ri.

In order to consider more than one interaction area, NIA is introduced into
Equation (Ic) to yield

( b)1/3

S- -(3)N(R>R1 ) NoANIAe

where NIA is equal to the number of projectiles in the side of the stack
facing the target area (one tier) -1, multiplied by the number of tiers.

The desired relation is for the number of fragments between ranges R1 and
Ri + dR. Referring to Figure 28, the required number of fragments (dN) is thedifference between N(R>R1 ) and N(R>R1 + dR). It may also be written

dN tar&O (dR) (4)

dN TAN 0 (MR)

EUATION (3)1

S. . . . . . . ..I R tdR

RA RANGE
Figure 28. Calculation of dN
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By definition, the derivative of Equation (3) is equal to the slope (tanO)
of the function at any range R1. Taking the derivative of Equation (3) and
substituting it for tanO in Equation (4) yields

d (-)Q 13R J0 1 NOANIAe dR (a

where

dN nmbe offramens bewee ragesR ad R+ dR

R rage (ubsciptno longer needed)

a~bM, constants previously described

Thefarfied aeainto which the fragments fall is based upon a 10 azi-

mutal ectr sowninFigure 29. It can be shown for this area that

dA 0.01745 R(dR) (5)

dA and dR are the infinitesimal increments of the differential calculus.
For illustrative purposes, dIR can be thought of as a very small number, much
less than 1 ft.

dA-

Fiue f nrag ments l bi rea atRanges R 1/3

a 0 zmuhl on n h GoudPln
28I~N



DENSITY RELATION

Finally the density of fragments at range R is obtained by dividing the
number of fragments between R and R + dR by the area between R and R + dR for a
10 azimuthal zone; that is, divide Equation (4a) by Equation (5).

lb 2~1/3
)dN N R NOANIAe (6)

:, where

whrdN/dA = fragment density (fragments/ft 2 )

VALIDATION OF EMPIRICAL RELATION

The accuracy of Equation (6) can be evaluated by comparing the density
predicted for the large-scale, multiple-pallet detonation test configurations
to actual recovery data for these tests. For this purpose, a modified version
of Equation (3) can be used more efficiently. The relation is

NRR 2  N NIA N(R>R1 ) N(R>R 2 ) (3a)

where

NR R number of fragments in a particular recovery zone between

ranges R, and R2

NAZ =.number of degrees of azimuth encompassed by the chosen recov-

ery zone

Nih number of interaction areas in stack wall adjacent to recov-

ery zone
The values of the constants required are calculated from the natural com-

munication arena test data (QD-155-SC12). The data from polar zone 90 to 1050

and azimuthal zone 90 to 105 were used to calculate these values
'I

NOA m 30b2,4

H4 6086.4

a * 44491.4

b f -1.1369

The results of using these values and the multiple-pallet detonation con-
tiguration (i.e., number of interaction areas) are plotted in Figures 30
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through 32. Also shown is the actual number of recovered fragments. The
accuracy of the prediction is excellent. It is apparent that the empirical
relation is a valid and conservative estimate of the far-field fragment density
resulting from the detonation of 155-mm projectiles.
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Figure 30. Predicted and Actual Number of Pragments
for 8-Pallet Detonation
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F'igure 31. Predicted and Actual Number of Fragments
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IMPLICATIONS FOR VD REQUIREMENTS

QD requirements for fragments are based upon both fragment density
(1/600 ft 2 ) and ..erminal KE (58 ft/lb). Equation (6) can be used to cAlculate
the range at which a density of 1/600 ft 2 occurs. However, the calculation of
the hazardous fragment density is somewhat more complex and will be discussed
in detail. Fragment KE at impact is defined as

WVF 2

where

KE kinetic energy (ft/lb)

W fragment weight (lb)

SVF impact velocity (ft/sec)

9 a acceleration of gravity (ft/sec2 )

Two more relatiotn are required. Vie first relation is obtained from a
particle trajectory program. It cda be shown that

V cyd (6)

V final (impact) vtlocity (ft/sec)

y - fragme•t average present•d area to weight ratio (n., 2 /lb)

cd constants developed from data fit, d is always negative

The second relation developed from the relation of fragment weight and
gamma is

y h (9)

or

f

where

W - fragment veight (grains)

y - fragment average presente area to weight ratio (in. 2 /1b)

( ,h - constants developed from least-square" fit to the data, h is
always negative
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Substituting Equations (8) and (9) into Equation (7) yields

KE C2 .2d (7a)
4.508 x 105

Finally, Equation (2a) is substituted into Equation (7a), and the expres-
sion solved to yield

1
1 ~ +2bd

R 4.508 x 105 (KE)f (2b)• H 10 ]2b
'F+ 2d)S....L C2 a

where

• I RH the range at and beyond which all fragments will possess a

specified KE level (ft)

The equation can be used with parameters developed from the single-pallet
arena test (QD-155-SC12) to determine the range at which all fragments will be
hazarlous (KE>58 ft/lb). The parameters used are

a = 79405

b = -1.1603

c = 375.0

J d = -0.4712

f = 107.6

h = -0.3607

Vo = 6500 ft/sec

CD = minimum from Figure 27

KE= 58 ft/lb

Using these values in Equation (2b) results in a value of 2770 ft for •R.
The accuracy of this equation can be evaluated by analyzing the fragment re-
covered from the 36-pallet detonation test (recovery zone 90 to 950), Figure 33
presents the results of estimating the percentage of hazardous fragmerts at
each range using Equations (7), (8), and (9). The plot shows that the pe.cent-
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age of hazardous fragments approaches 90% at 2500 ft. This is a good indica-
tion that Equation (2b) is correct. However, Equation (2b) does not provide
the percentage of hazardous fragments as a function of range. What is required
is a relation that calculates the percentage of hazardous fragments as a
function of range.

100

85.7

80.8
80

2

0 40

0 30.3i.• . • 28.0 . .

20
14.5 13.9

0.o -,--- -t--- -I--- -t--
400 100 1200 1600 2000 2400 2800

RANGE 1t10

Figure 33. Estimated Percentage of Hazardous Fragments as a Function Range

The excellent agreement between the predicted and actual number of frag-
ments per recovery zoire in the multiple-pallut detonation tests (Figures 30
thro'igh 32) strongly implies that the majority of the recovered fragments are
ejected from the stack at the optimum ejection angle (5 to 45'). Therefore,
the fragments will impact at the velocity calculated by Equation (8) and
possess the K¢. calculated by Nuation (71. Consequently, the data presented in
Figure 33 for the 36-pallet detonation test should be an accurate representa-

S - tion of the percentage of hazardous fragments as a function of range. A good
fit to thesO data Is provided by

K k
i;• vPH Nis : (O

where

F= fraction of fragments that are hazardous

35
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Ri range of interest (ft)

NiK constants derived from a least-squares fit to the data

in Figure 33

Values calculated for the 36-pallet detonation test are

N. = 0.099

K = 8.53 x 10-4

Applying Equation (10) to the density relation, Equation (6),

/dN (-b) L4)1/3 1 /3i

fd\ 57*3 R/ N NNIFe- (6a)UA K AZ 3 a/

where

* A /dN)
hazardous fragment density (fragments/ft 2)(3A

This equation can be solved for the range at which a density of one haz-
ardous fragment/600 ft 2 occurs. Figure 34 presents a plot of this range as a
function of stack size and configuration (NIA) Also plotted is the currently

S".used blast criteria (40 W11 3 ) for each stack. The plot shows that the existing
40 W1/3 criteria significantly underestimates the fragment hazard from the

* : detonation, in the open, of a stack of 155-= projectiles.
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1500 a l
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Figure 34. Fragment Hazard Range
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LIMITATIONS OF METHODOLOGY

There are a number of limiting assumptions for the previously discussed
methodology that need to be addressed in greater detail. These assumptions and
their effects upon the validity of the methodology are discussed in this
section.

DENSITY RELATION

The development of the density relation (Equation (6a)) is based upon the
assumption that the fragments are ejected from the stack at optimum angles (5
to 450). However, the multiple-pallet detonation tests clearly show that the
fragments recovered from the far-field are similar in weight-number distribu-
tion to fragments from polar zone 90 to 1050 of a single pallet. These frag-
ments should be ejected at a negative angle (toward the ground) and impact well
before 500 ft. Obviously, the detonation of a multiple-pallet stack is not
absolutely identical to the detonation of a single pallet. The mechanism by
which these fragments are ejected from a multiple-pallet stack needs further
investigation.

HAZARDOUS FRAGMENT

The calculation of the KE of fragments recovered from the multiple-pallet
detonation tests is also based upon assuming optimum ejection angles, a single
value for initial velocity and the average CD curve. These assumptions ignore
fragments that do not meet these criteria. A potentially significant number of
fragments could be ejected at lower angles (I to 50) and somewhat lower veloc-
ity (up to 50% less). These fragments can travel to distances that would over-J] lap the far-field fragments by approximately 80% based upon particle trajectory

.4, calculations. The low-angle fragments will also possess a much higher impact
velocity than the optimum angle fragments. These fragments will impact with
greater KE than similar fragments from optum.mu angles. The existiny test data
are insufficient to determine the relationship between the proportion of low
and optimum ejection angle fragments. The potential increase in the percentage
of hazardous fragments at each range cannot be evaluated at this time.

SENSITIVITY OF PARAMETrERS

The entire methodology is based upon variables that are calculated from
analytic fits to test data, No attempt has been made to determine the sensi-
tivity of the density calculation to variations in these variables.

~1 37

'1i



SIZE OF STACK

The methodology assumes there is no limit to the number of interaction
Vl areas in the stack. However, for very long stacks a point will be reached

where the first and last fragment concentrations will no longer overlap. This
limit has not been identified.

FRAGMENT HAZARD CRITERIA

A modification of the existing fragment criteria (KE>58 ft/lb, 1/600 ft 2 )

would significantly affect the hazardous range calculation. For example, if it
is assumed that

PH= - e -pA

where

PH probability of one or more hits on a target (Poisson

Distribution)

p fragment density (fragments/ft 2 )

A = presented area of the target (ft 2 )

Structures would normally have presented areas greater than 100 ft 2 . An
average size man has a presented area of 5.6 tt 2 and a very large man 7 ft 2 .
The probability of hit by one or more fragments for various presented areas is
shown in Table 6.

Table b. Probability of Hit for Target Area (ft 2 )

Density
(fragments/ Man (ft 2 ) _tructure (ft 2 )

ft 2 ) 5.6 7 1u0 buo 2000 5000

1/300 0.018 0.023 0.283 0.865 0.999 1.000
1/bOU 0.009 0.012 0.154 0.632 0.964 1.000
1/1200 0.005 0.006 0.080 0.393 0.811 0,984
1/2400 0.002 U.003 0.041 0.221 0.565 0.87S

Changing the allowed fragment density can affect the probability of
hitting a target and, therefore, will affect the hazardous fragment density
calculation (Equation (ba)). Furthermore, the 58-ft/lb criteria is based on a
personnel casualty criteria used prior to the advent of the more definitive
wound ballistic equations developed in the 19b0's. The rule defines the KE for
severe wounding. A 1-in.-diameter steel sphere (0.15 Ib) traveling at 108 mi
per hr has a KE of about 58 ft/lb. Roducing this criteria would also affect
the hazardous fragment density calculation.
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CONCLUSIONS AND RECOMMENDATIONS

The present study provides a methodology for using small-scale single
pallet arena data to determine the fragment hazards produced by the detonation

of large stacks (up to 36 pallets of 155-mm projectiles in open storage).
However, the methodology has limitations and cannot presently be applied to
other mass-detonating munitions. The following is a summary of conclusions and
recommendations necessary to improve the emerging methodology.

1. It is recommended that a detonation test be conducted with a stack
representative of that found in a "typical" magazine. The far-field
fragments from this detonation will be collected and analyzed to de-
termine the validity of the methodology. A follow-on detonation of an
identical stack inside a simulated magazine should be conducted to
determine the effect of magazine structures on far-field fragment

density.

2. The ejection angle of fragments from a multiple-pallet detonation
needs to be determined. Arena tests of multiple-pallet detonations
should be conducted to evaluate the fragment ejection angle. These
data are necessary to improve the evaluation of fragment KE criteria.

3. The sensitivity of the density equation to variations in input vari-
ables should be evaluated. The methodology should be modified as nec-
essary to minimize adverse effects.

I 4. An entirely different type of mass-detonating ammunition should be
tested to evaluate the applicability of the methodology. Arena tests
and large-scale, multiple-pallet detonation tests should be conducted.

'f *19
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INTRODUCTI ON

The fragmentation tests conducted throughout the Fragment Hazard Investi-
gation Program were designed to gather fragment mass, velocity, and spatial
distribution data. The basic test procedures reflect the ones agreed upon by
the services.* The purpose of this discussion is to provide a general descrip-
tion of the techniques, definitions, and methods utilized throughout the
testing portions of the program.**

GEOMETRIC CONSIDERATIONS

In conducting a fragmentation test, certain basic principles must be con-
sidered. One of these is munition geometry. Most frequently, munitions have
an axis of symmetry (e.g., the longitudinal axis of a gun-fired projectile).
Defining the longitudinal axis as the polar axis, we can see from Figure A-i
that fragmentation characteristics would be functions of the polar angle, 8,
but for a given polar angle, should be independent of the azimuth angle, a.

*Joint Munitions Effectiveness Manual, Test Procedures for High Explosives
Munitions, NAVAIR 00-130-ASR-2-1 (Washington, D.C., 8 December 1970).

**D. J. Ammerman and M. R. Jamison, Fragmentation Test Facilities Methods

and Data Processing Used at NSWC, NSWC MP 81-16 (Dahlgren, Virginia,
June 1981).

J 8)CIRCLE OF CONSTANT

LATITUDE

LONGBITUDKAL OR POLAR AXis-'

* POLAR ANGLE
* ,AZIMUTH ANGLE

Figuro A-I. Polar and Azimuth Angles



With the independence of a, it is unneces3ary to sample all fragments when
characterizing a single item. A portion of the fragments can be sampled, and
the results can be extended to predict the characteristics of the entire muni-
tion. However, when characterizing a multiple-munition detonation, as in a
pallet of 155-mm projectiles, it is important that as much emphasis as neces-
sary be placed on sampling fragments from the azimuth angles, as well as, from
the polar angles.

The fragmentation characteristics are generally sampled in various 0 inter-
vals between 6 = 0O at the munition nose and 0 = 1800 at the munition base. At
NSWC, 0 is generally divided into 50 increments called polar zones, although
for smaller munitions, it may be divided into 10 or 150 intervals. Figure A-2
illustrates the surface area of one such zone, and Figure A-3 shows how a por-
tion of that zone is sampled. The area of the portion of a polar zone covered
by the recovery media, as projected on a sphere equal to the radius of the
recovery media, is divided into the total surface area of the polar zone. This
ratio yields a zone factor or zone multiplier (usually shortened to multiplier).
Theoretically, if one takes the number-mass product of recovered metal. frag-
ments from each polar zone times its multiplier and sums this over all polar
zones, the resultant mass should equal the original mass of metal in the tested
munition.

PLANE THROUGH THE WARHEAD TOTAL POLAR ZONE
PARALLEL TO THE SURFACE OF

• ; THE EARTH

NN

50 INCREMENT OF THE
SURFAC.E OF A SPHERE OF RADIUS R

Figure A-2. Surface Area of a Polar Zone
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POLAR ZONE EDGE MARKINGS
PAINTED ON THE FACE OF THE RECOVERY MEDIA

3WO PROJECTION OF A

POLAR ZONES' EDGES

PLANE THROUGH THE CENTER OF THE
WARHEAD AND PARALLEL TO THE SURFACE
OF THE EARTH

Figure A-3. Sampling of a Polar Zone

Ar In kiame cases, mnunitions possess only partial symmetry about the longitu-
dinal axis* Examples are bombs with lifting lugs or voids caused by explosive
shrinkage following casting, or fins, bomblets with aerodynamic flutes, etc.

When this occurs, it is necessary to sample fragments from each portion of the
casing in w~iich azimuthal symmetry does not exist as well as from symmetrical
portions, When doing this, one must carefully sort out fragments resulting
from asymmetry prior to applying multipliers.

Fragments from most munitions travel at supersonic speed over the dis-
tatices at which thetir velocities are measured. Little error is introduced by
assuming they travel in a straight line during the supersonic portion of their
trajectory. Consequently, the number of fragments, per unit area can be assumed
to decrease inversely with the square of the distance from the munition. b~y
analogy with radiation geometry, a target area can be expressed by the nondi-
mensional solid angle that it subtendal thus, the density of fragments in thi%
area can be identified as the number of fragments per steradian.

A-5
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FRAGMENTATION ARENA

Figures A-4 and A-5 illustr'ate the manner of constructing a typical frag-
mentation arena. The recovery media is made up of cane fiberboard panels.
Each panel is 4 by 8 ft by 1/2-in. thick, and 96 panels are bundled together to
make a 4-ft-thick bundle commonly called a celotex pack. These packs are ar-
rayed over all polar angles at a prescribed radius for the test item. Ps a
rule of thumb, this radius is approximately 10 WI1 3 ft where W is the explosive
weight (lb) of the test item. The results of this figure are generally rounded
off to the next higher 5- or 10-ft interval. The bundles are set tightly
against each other. in the beam spray arld at the polar extremities, extra
backup recovery packs are placed so that no energetic fragments pass completely
through. In addition, an extra recovery pack is usually placed at both e 0

and 1800 to ensure that all fragments from the polar zones at the nose and base
of the test item are caught.

VCLOCIYW SCNLINS
QLAA ZONEI

(4) (

WAIOhS TO ml Ect Tc H OV - O (I)-S hOh,4ATIONE
ODTONATION PLA5S UNDOC
THE SCRENC~ TO THE CAwMEA
(TWO WUIORD% P"h E.ACH4 CAMkPA

PIgure A-4. Sketch of Typical Pragmentation Arena

Velocity data in these arenas are usually acquired by using high-speed
framing cameras and witness panels. The usual material for witness panels is
22-qauqc-mild-steel plate that is sold in 4- by 12-ft sheets. These sheets are
positioned on the opposite side of the arena from the recovery packs and cover
all polar angles from 6 - 0 to 1800. They are generally positioned at a radius
above 75% as large as the recovery pack radius. High-speed framing cameras are
positioned outside the witness panels, and they photograph the flash of each

/-



fragment as it impacts and perforates the witness panel. A mirror arrangement
is used so that the test item is in the camera field of view prior to detona-
tion. The initial flash of the detonating test item provides a zero point, and
the 1-kHz timing marks on the film edge provide a time reference on the film.
For a witness panel radii of 40 ft and less, the camtras should have a minimum
frame rate of 10,000 frames per second. At larger radii, frame rates on the
order of 5,000 to 0,000 frames per second are sufficient. Sufficient cameras
should be used that an individual camera is photographing only 15 to 20 ft of
witness plate, and the curvature of the plate will not be enough to cause parts
of the plate to be out of focus.

00

,.,-RECOVERYV PACK(S

4 TIII 0, MN

-I 'M" at•~ W

M .RMIDosoMPOI

Figure A-S. Plan and Profie of Typical Vragm.ntat.ion Arena
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The test items should be positioned horizontally, with the forward end
oriented toward 0 = 00 and the base end at e = 1800, on a custom-built wooden
stand to hold it. This stand is placed on a thick steel base plate at the
arena center. This base plate serves (1) to prevent localized cratering at the
arena center as a result of the detonation and (2) as a reference point from
which all elevations in the arena are measured. The recovery media should be
soaked with water just prior to initiation and again after the test, and a fire
watch should be maintained for several hours after the test.

Inside the witness panels and recovery packs, a ricochet fence is con-
structed. This can be earthen or steel backed up by earth. Its function is to
prevent fragments from ricocheting off the ground, inside the arena, into the
witness panels or recovery packs. In determining the height of a ricochet
fence, it is assumed that the path angle of a fragment bouncing from the ground
is equal to the anqle of its path in striking the ground. An analogy can be
"made here with the law of geometrical optics--the angle of incidence i. light
beam makes with a reflecting surface is equal tn the angle of reflection.

Prior to constructing the arena, the face sheets of the recovery packs and
the outside faces of the witness panels should be marked with the polar zone
markings. The panels are laid out on the ground, and arcs ure struck on them
using the results of a computer program that calculates the radius of curvature
for each polar zone are and determines the location of the center of curvature
with respect to the point 0 - 0 or 1800. The computer program also calculates
the polar zone multipliers to be used with that size arena. In order to obtain
all these quantities, the number of polar zones in the arena, the interval
between polar zone bouuvlaries, the arena radius, and the height of the recovery
packs must be provided as program input.

A somple of from two to five (usually three) test items is fired in a test
arena. The same recovory packs are used for all detonatioasi however, new
witness panels are erected for each test item. There is some hazard in this
procedure, it the stcond or a subsequent test item does not detonate properly,
the entire set must be repeated. There is littli probability of this, 4nd the
ieconoltg of fragment recovery after a single round make such a procedure
prohibi.tive.

,omediately following each test, the following data should be recordad.

li Dato

2. Tice of firing

3. Ambient temperature, pressure, and relative humidity

4. Number of perforations in each -one of each witness panel

.Following the detonation of the -'ast tent item, fragment recovery from the
recovery packs commences. Fraghent recovery is a lengthy procedure that r-
quire-% a crew of men several days. E~ach pack v4 inopecte4 panel by panel for
fragments. in some cases, it is evident that a fraqaent has passed completely
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through a panel; in others, it is not eviden.. Hand-held magnets and electron-
ic metal locators are used to aid in locating fragments. The type of electron-
ic metal locator used is a surgical metal detector. It is extremely sensitive
to ferrous metal and reasonably sensitive to nonferrous metals. When fragments
are found, they are catalogued according to polar and azimuth zones. The face
sheet of the pack can be used as a template for this purpose. The apparent
path of a fragment in a recovery pack should be followed so that the fragment
can be catalogued by the polar zone of entry into the recovery pack. Recovered
fragments are then cleaned and weighed.

DATA REDUCTION

The data reduction is divided into two main parts. The first has to do
with fragment-mass distributions; the other Is the velocity distribution.

FRAGMENT-MASS DISTRIBUTION

Most work concerned with fragment mass distribution is done at the frag-
ment weighing house. As fragments from a given test are brought to the weigh-
ing house, they are catalogued with an identifying number that stays with that
particular test from then on.

The first process, following the assignment of an identifying number, is
cleaning the fragments. During testing, fragments impact the recovery media
with such force that minute quantities of the recovery media adhere to the
fragments and become embedded in the irregular fragment surface. Individually,
this could affect the weight distribution by causing a fragment to be listed in
a higher weight group than it belongs in. Cumulatively, the total mass re-
covered would be affected, thus, distorting tJe total percentage recovery. In
most cases, it is relatively easy to ci.ear, the recovery media from fragments
having a low-impact velocity (less than 1500 ft/see). Cleaning fragments with
higher impact velocities is much more difficult. The cane fiberboard of the
recovery media adheres to the fragment almost as though it were glued on. A
sandblaster type device with micron-sized aluminum-oxide granules is used f.Dr
the clear-ng process.

Following cleaning, the fragments are sorted into weight gyroups. The tost
engineer must preselect the desired weight groups. As a part of the sorting
and cleaning process, the fragments are inspected to ensure that they are valid
fragments. Ricochet fragments are removed. Metal filings, rusted paint
flakes, and residue from welding repairs in the arena, etc., are also removed
at this time. This requires a keen eye, in some cases, to decide whether or
not a fragment is valid. After all fragments (or all fragments from a particu-
lar spatial zone) are weighed and sorted, the final data processing is handled
by an assortment of computer programs. Computer programs are available to
perform Mott Plot or ballistic density comparisons, to calculate range and
trajectory data, to provide statistical fits to fragment area-to-weight

A-9
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relationships, and, finally, to provide a list of the fragment weight-number
distributions according to polar and azimuthal zones.

MEAN PRESENTED AREA DETERMINATION

The mean presented (A) area is used in determining retardation of a frag-
ment during flight due to air resistance. Thus, it is important to the test
activity so that initial velocity may be determined as accurately as possible
from the average velocity measurements made during a test. It is important to
the user of fragmentation data in that the velocity decay of a fragment plays a
large part in determining the lethal area of a round of ammunition.

Mean presented area is determined by use of an icosahedron gauge. An
icosahedron is the regular solid with the largest number of faces of all regu-
lar solids. For this reason, its shape was chosen as the basis for selecting
angular positions for measuring presented area of fragments. Ammunition and
Explosives Ashore* explains the theory behind the gauge and the selection of
the 16 angular positions used. The gauge itself consists of a point light
source collimating lens, gimbal system for supporting fragments, condensing
lens, light detector, and indicating device. Fragments are mounted in the
gimbal system so that they are in the path of the collimated light beam. The
gimbal system is stepped through each of the 16 positions, and the presented
area is recorded. The average of these 16 areas is taken as the mean presented[ area of that particular fragment.

In practice, a minimum of 100 fragments from the particular area under
investigation are chosen for gauge measurements. A plot of mean presented area
versus mass (W) on log-log paper is approximately a straight line, with theIi slope equal to the constant a + I in the equation A - bMc+l where the ver-
tical axis intercept is equal to c + 1. To get the ratio A/M - bMc, the data
are processed through ý computer program. The program takes the values of massL! and mean presented area for each fragment as input data and goes through a

r jleast-squares fitting procedure to determine the value of the equation.

FRAGRENT-VELOCITY DISTRIBUTION

1 'Fragment-velocity distribution is determined by measuring the time of
flight of fragments into the witness panels of Figure A-4. As shown in
Figure A-6, the distance over which the measurement is taken is divided by the
measured time-of-flight to obtain an average velocity for a particular strike.
The first fow velocities in a given polar zone are summed and divided by the
numner of readings made. This mean value is used as the average velocity for a
polar zone. It is also used in calculating an initial velocity to be used for
tragments from; that polar zone.

* Naval Sea Systems Command# Storage Vata, Ammunition and t.,plosivcz Ashore;
UP S Volume I Tnird Revision (Washington, D*C., 15 September 1970).
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IIKLDHER~rZ
j~~I TIMING

TMARKS

F'T .oo0 (TM + '-

TF • TIME OF FLIGHT IN SECONDS

TM • NUMBER OF TIMING MARKS FROM ORIGIN

A a LINEAR DISTANCE FROM To TO INITIATION

B,D, LINEAR DISTANCE BETWEEN TIMING MARKS BRACKETING
FRAMES OF INTEREST.

C a LINEAR DISTANCE FROM TM TO FRAME OF FLASH

Figure A-6. Diagram and Equation for Obtaining
Time-of-F•ight from Film
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INDIVIDUAL STATIC ARENA TEST SHEETS

I4

.-.-.l-,- - , ,. -...- - - -



FRAGMENT HAZARD INVESTIGATION

Test Number: QD-155-S2

Item Tested: M107 155-mm projectile, 15-lb TNT

Configuration: Two projectiles vertically positioned, side-by-side, with the
projectile centerlines parallel and 7 in. apart

Number of Firings/Date: 2/12 July 1977

Location: NSWC/Experimental Explosive Area

Zone Information: Fragment hole count: 90 to 1050 Polar
3600 Azimuth

Meteorology: 27 July 1977
Barometric Pressure: 31,05 in Hg
Temperature: 98*F

Instrumentation: Fragment velocity--five high-speed motion picture cameras,
black and white film

H-3
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Fragment Velocities
Firing No. 1

Test QD-155-S2

Velocity* (ft/sec) per

Azimuthal Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 10 3880.0 4006.7 4000.3

10 - 20 5102.0 5525.0 4166.7

20 - 30 5747.9 6024.1 5000.0

30 - 40 6330.1 6135.2 6578.9

40 - 50 4902.0 4902.0 5235.7

50 - 60 4065.0 4098.4 4545.5

60 - 70 3893.9 4004.6 3429.8

70 - 80 3973.9 4052.5 3464.6

80 - 90 4016.6 4032.6 3290.9

90 - 100 4085.8 4445.2 3472.3
100 - 110 4476.5 4077.6 3149.5

110 - 120 3970.6 3758.6 3498.3

120 - 130 4375.9 3866.9 3314.9

130 - 140 5082.6 4854.8 5227.0

140 - 150 6253.9 5128.3 5239.2

150 - 160 6379.6 6369.7 6666.7
"160 - 170 6187.9 6098.5 6371.8

170 - 180 6172.8 4504.9 5618.0

I 180 - 190 3703.1 5495.2 4587.5

190 - 200 3459.9 3531.1 3367.8

200 - 210 3773.6 3787.9 3759.4

210 - 220 3922.1 3846.2 3731.3

220 - 230 3787.9 3676.5 3787.9

230 - 240 4032.3 3787.9 3333.3

240 - 250 3984.1 3379.0 3205.1

250 - 260 3807.8 4234 5 3538.2

260 - 270 4098.4 3918.9 3432.8

270 - 280 4143.2 4199.9 3436.3

280 - 290 3809.7 3700.9 3529.1

290 - 300 4000.0 4037.0 3035.7

300 - 310 3777.9 3648.7 3157.2

310 - 320 4207.4 3623.2 4000.3
320 - 330 4228.6 4226.5 3455.8

330 - 340 4009.2 4016.9 3504.0

340 - 350 3885.3 3871.0 .3638.5

350 - 360 4065.0 3916.4 4033.3

* Velocities recorded photographically

at 25-f t utandoff
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Fragment Velocities
Firing No. 2

Test QD-155-S2

Velocity* (ft/sec) per
Azimuthal Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 10 4141.3 4854.8 4525.0
10 - 20 6172.8 6097.6 6135.2
20 - 30 6329.1 6596.3 6313.1

30 - 40 6476.7 6172.8 5434.8
40 - 50 5465.9 4739.4 5208.3

50 - 60 3968.3 3952.6 4166.7

60 - 70 3906.3 3906.3 3676.5
70 - 80 3993.1 4032.3 3571.4
80 - 90 3936.7 3230.7 3271.5
90 - 100 3906.3 3537.9 3370.4

100 - 110 4009.9 3635.6 3787.9
110 - 120 3769.8 3667.4 3937.0
120 - 130 4166.7 3297.2 4065.0
130 - 140 4739.4 5000.0 5000.0
140 - 150 5133.6 6297.4 6329.1
150 - 160 6854.5 6580.1 6666.7
160 - 170 6411.3 6251i0 6493.5

170 - 180 5076.3 4951.0 5025.3
180 - 190 4062.5 3816.8 3921.6
190 - 200 4166.7 3623.2 3312.5
200 - 210 4262.4 3268.0 3862.9
210 - 220 4016.6 3676.5 3703.7
220 - 230 3906.3 3906.3 3649.6
240 - 250 4000.3 3676.5 3676.5
250 - 260 3968.3 3046.2 3759.4

260 - 270 3876.2 3424.7 3868.0
270 - 280 3787.9 3511.4 3846.2
280 - 290 3968.3 3787.9 3521.1
290 - 300 3906.3 3649.6 3676.5
300 - 310 3921.6 3937.0 3623.2

310 - 320 3846.2 3906.3 4065.0
320 - 330 4166.? 4166.7 4245.4

330 - 340 4069.9 4167.7 3971.6
340 - 350 4066.7 4169.3 3699.0
350 - 360 5093.9 4984.5 3937.0

. Velocities recorded photographically
at 25-ft standoff



Fragment Velocities
Averaged for Both Firings

Test QD-155-S2

Velocity* (ft/sec) per
Azimuthal Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 10 3996.1 4249.0 4262.6
10 - 20 5637.4 5715.9 5479.0
20 - 30 5941.6 6310.2 5656.6
30 - 40 6379.0 6147.7 6006.9
40 - 50 5278.0 4793.6 5222.0
50 - 60 4016.6 4001.2 4356.1
60 - 70 3898.0 3976.5 3479.1
70 - 80 3981.1 4044.4 3486.0
80 - 90 3954.4 3631.6 3281.2
90 - 100 4034.5 3797.1 3456.6

100 - 110 4243.2 3823.1 3362.3
110 - 120 3870.2 3701.6 3586.0
120 - 130 4323.6 3704.1 3564.9
130 - 140 4911.0 4879.0 5189.2
140 - 150 5693.7 5712.9 5602.5
150 - 160 6617.0 6474.9 6666.7

160 - 170 6299.6 6174.7 6412.3
170 - 180 5441.8 4727.9 5222.8
180 - 190 3902.7 4935.7 4254.6
190 - 200 3813.3 3546.5 3334.6
200 - 210 4122.8 3527.9 3845.6
210 - 220 3969.4 3761.3 3717.5
220 - 230 3847.1 3791.4 3718.8
230 - 240 4088.0 3787.9 3452.4
240 - 250 3992.2 3478.2 3440.8
250 " 260 394.5 4169.8 3593.5

260 - 270 3950.3 3836.5 3606.9
270 - 280 4024.8 4074.2 3538.8
280 - 290 3862.6 3729.9 3527.8
290 - 300 3953.1 3959.6 3195.9

300 - 310 3835.4 3696.7 3250.4
310 - 320 4147.2 3764.7 4021.9
320 - 330 4147.2 4216.5 3751.9
330 - 340 4080.6 4092.3 3759.0
340 - 350 3053.3 3956.2 3661.2
350 - 360 4888.2 4391.1 4001.2

-Velocities recorded photograpically
at 25-f t standoff



Fragment Hole Count Data
Firing No. 1

Test QD-155-S2

Number of Fragment

Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone()

Zone (0) 90-95 95-100 100-105

0 - 5 12 11 14

5 - 10 15 21 20

10 - 15 11 33 32

15 - 20 22 33 30

20 - 25 28 26 32

25 - 30 30 23 18

30 - 35 31 25 23

35 - 40 20 24 29

40 - 45 15 17 18

45 - 50 10 9 11

50 - 55 8 7 5
55- 60 5 6 5

60 - 65 4 5 5

I 65 - 70 5 6 4
70 - 75 3 5 5

75 - 80 4 4 4

80 - 85 5 3 3

85 - 90 5 6 7

90 - 95 4 4 6

95 - 100 5 5 5

100- 105 6 7 5

105 - 110 6 4 4

110 - 115 5 7 7

115 - 120 4 7

120- 125 5 5 6

125 - 130 12 13 14

130 - 135 16 17
135 - 140 19 18 20

140 - 145 30 28 32

145 - 150 37 16 23

150 - 155 32 19 24

" 155 - 160 15 20 26

160 - 165 10 31 17

165 - 170 8 24 34

170 - 175 10 16 21

015 - 180 11 19 16

180 - 185 12 29 16

185 - 190 11 12 13

190 - 195 9 B 12

195- 200 6 7 9
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Fragment Hole Count Data
Firing No. 1

Test QD-155-S2
(Continued)

Number of Fragment
Holes in 22-Gauge

Witness Panels
F: Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

200 -205 8 9 9
205 -210 6 8 7
210- 215 5 5 9

215 - 220 6 5 6

220 -225 6 6 5
225 -230 7 7 7
230- 235 8 5 6

j 235 -240 9 6 6
240- 245 7 7 5
245- 250 7 4 5
250- 255 8 4 3
255-260 a 4 4
260- 265 8 5 2
265 - 270 6 6 3
270- 275 5 3 4

275 - 280 4 5 5
280 - 285 4 4 6
285- 290 5 7 7
290- 295 6 6 8
295- 300 5 6 7
300- 305 3 4 5
305 - 310 2 8 6
310- 315 4 7 8

' 315 - 320 3 4 5
320- 325 2 5 6
325 -330 1 4 5

A".. 330 - 335 4 1 3
335- 340 5 2 3

340 - 345 6 3 4

345- 350 6 4 5
0 3SO0- 355 1 6 5

355- 360 12 13 12

---I
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Fragment Hole Count Data
Firing No. 2

Test WD-155-S2

Number of Fragment
Holes in 22-Gauge

Witness Panels

Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 5 b 24 15

5 - 10 7 20
¶ 10 - 15 11 21 19

15- 20 9 29 17

20 - 25 17 28 33

25- 30 20 29 39

30- 35 25 13 36

35- 40 35 23 21

40- 45 21 25 20

45 - 50 17 27 45

50" 55 10 11 9

55 - 60 13 12 10

60 - 65 5 4 6

65- 70 6 6 7
70 - 75 4 4 7

75 - 80 5 5 6

S80- 85 4 10 9

85- 90 5 11 12

90 - 95 4 12 11

95-100 6 6

100-105 - 10 9
Jo5 - 110 8 7 u

110- 115 7 6 9
115 - 120 a 7 b
120 - 125 4 4 5

125 - 130 3 4 5

S130- 135 4 5 4
'.- 1 35 -140 5 6 6

140 - 145 6 b 10

145 - 150 24 2b 27

j 150 - 155 26 32 ia

I55 - Ib 23 24 18

160 - 165 34 25 24

165 - 170 Al I5 24

170 - 175 22 24 32

175 - 180 22 23 23

1I40 - 185 12 21 17

185 -190 a 31 20

190- 195 16 21 15

195 - 200 12 11 9

A 6-9
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Fragment Hole Count Data
Firing No. 2

Test QD-155-S2

(Continued)

Number of Fragment
Holes in 22-Gauge

Witness Panels

Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-1 05

200 - 205 6 17 10
205 - 210 4 4 3
210- 215 5 3 4
215- 220 5 5 4
220- 225 6 6 4
225 - 230 5 8 4
230- 235 4 7 5
235 - 240 3 5 3
240- 245 4 5 8
245 - 250 5 5 7
250- 255 5 6 5
255-260 5 3 4
260- 265 6 4 4
265-270 5 2 3
270- 275 4 5 5
275 - 280 5 4 7
280- 285 4 4 5
285 -290 5 0 5
290- 295 7 6 4
295 -300 a 7 5
300- 305 6 8 6
305 -310 b 7 10
310- 315 7 8 8
315 -320 8 9 7
320- 325 9 11 6
325 - 330 8 9 8
330- 335 78 9
335 - 340 5 7 10
340 - 345 6 4 11
345 - 350 7 7 12
350- 355 8 8 8
35S - 360 10 9 7

5-1
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FRAGMENT HAZARD INVESTIGATION

Test Number: QU-155-S4

Item Tested: M107 155-mm proj,-ctile, 15-1b TNT

Configuration: Four projectiles vertical ..y positioned, cube configuration,
side-by-side, with the projectile centerline parallel and 7 in.
apart

Number of Firings/Date: 2/14 July 1977

Location: NSWC/Experimental Explosive Area

Zone Information: Fragment hole count: 90 to 1050 Polar
3b00 Azimuth

Meteorology; 14 July 1977
Barometric Pressurea
Temperature:

last1".mentationt Fragment velocity--five high-speed motion picture cameras,
black and white film
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Fragment Velocities
Averaged for Both Firings

Test D-155-S4

Fragment Velocity* Averaged
Azimuthal for Polar Zone 90-1050
Zone () (t/sec)

0- 10 3779
10 - 20 3885

20 - 30 4028
30 - 40 4478
40 - 50 5095
50 - 60 4556
60 - 70 4375
70 - 80 4010

80 - 90 4023
90- 100 4288
100 - 110 4465
110 - 120 4480
120 - 130 4395

130 - 140 4185

140 - 150 4150
150 - 160 4075
160 - 170 4025
170 - 180 4400
1SO - 190 4730
190 - 200 5190
200 - 210 5895
210 - 220 00OO

220 - 230 4175
230 - 240 4200

240- 250 5875
250- 260 5950
2b6 - 270 6275
270 - 180 5392
280 - 290 4490
290 - 300 4t80
300 - 310 4090
310 - 320 4430

320 - 330 530C
330 - 340 5510
340 - 350 5375
350 - 360 5120

Velocities recorded photographically
at 25-it stmwdof
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Fragment Hole Count Data
for Firing No. I
Test QW-155-S4

Number of Fragment
Holes in 22-Gauge

Witness Panels
-. Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 5 7 11 12
5 - 10 3 8 11

10 - 15 6 7 12
15 - 20 5 3 4
20 -25 5 8 6
25 - 30 6 10 6
30 - 35 9 7 15
35 - 40 14 9 12
40 - 45 20 21 13
45 - 50 17 27 23
50- 55 15 16 18
55 - 60 12 9 14
60 - 65 9 10 10
65 - 70 9 6 11
70- 75 5 8 6
75 - 80 5 7 7
80 - 85 7 15 8
85 - 90 13 15 11
90 - 95 4 14 16
95 - 100 11 21 20

100 - 105 6 22 23
105 - 110 12 20 29
110 - 115 20 22 25
115 - 120 22 18 19
120 - 125 16 9 25
125 - 1!0 17 32 24

130 - 135 9 10 22
135 -140 3 6 4

4 140 - 145 3 4 7
145 -150 2 3 6
150 -155 9 8 6
155 -160 8 9 7
160 - 165 9 10 17
165 - 170 10 15 16
170- 175 20 10 16

175 - 180 9 16 23
, 180 - 185 12 38 75

185 - 190 25 35 69
190 - 195 36 38 60
195 - 200 37 27 28

B-13
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Fragment Hole Count Data
for Firing No. 1

Test QD-155-S4
(Continued)

Number of Fragment
Holes in 22-Gauge

Witness Panels

""pzimuthal er Polar Zone (0)

Zone () 90-95 95-100 100-105

200 - 205 13 20 30

205 - 210 13 23 40

210 - 215 12 7 11

215 - 220 13 6 10

220 - 225 6 9 8

225 - 230 3 10 9

230- 235 6 5 7

235 - 240 6 6 5

240 - 245 12 15 20

245 - 250 22 23 19

250 - 255 42 44 51

255 - 260 47 32 59

260 - 265 41 34 46

265 - 270 21 31 50

270 - 275 22 21 47

275 - 280 11 14 25

280 - 285 14 8 9

285 - 290 10 7 19

290- 295 6 5 9

295 - 300 3 7 7

300- 305 9 5 8

305 -310 1 4 1

310 - 315 0 3 7

315 - 320 3 1 7

320 - 325 14 8 7

325 - 330 21 12 26

330 -335 17 17 32
335 - 340 9 16 21

340 - 345 7 20 30

345 - 350 11 17 17

3S" - 355 4 15 28

355 - 360 5 8 11
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Fragment Hole Count Data
for Firing No. 2
Test QD-155-S4

Number of Fragment

Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

0 - 5 8 11 20

5 - 10 8 12 19
10 - 15 6 11 10

15 - 20 7 11 11

20 - 25 11 7 8
25 - 30 12 6 7
30 - 35 20 15 15
35 - 40 21 16 17
40 - 45 35 32 39
45- 50 15 18 25
50- 55 16 17 35
"55- 60 19 13 18

60- 65 9 10 8
65 - 70 10 11 9
70 - 75 9 10 11

75 - 80 9 11 11
" -7 80 - 85 12 18 21

S85- 90 13 22 18
90 - 95 12 10 21
95 - 100 12 19 29

100- 105 15 21 16

105 - 110 16 20 18
110 - 115 22 26 25
115 - 120 35 29 28

120 - 125 28 13 28
125- 130 36 19 29
130 - 135 7 8 9
135 - 140 7 9 8

140- 145 5 3 9
145 - 150 5 3 8

150 - 155 7 8 12
• "155 - 160 8 a 13

U. 160 - 165 5 7 12
165 - 170 6 8 12
170? I 0- 175 12 Is 16

!.175 - 180 is 27 22

S180 - 185 7 16 3
,<s1s - 190 13 21 4"7

190 - 195 29 25 52

195 - 200 32 24 s0
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Fragment Hole Count Data
for Firing No. 2
Test QD-155-S4

(Continued)

Number of Fragment
Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-1 00 100-105

* 200 - 205 22 20 15
205 - 210 29 19 25
210 - 215 20 22 28
215 - 220 10 5 11

220 - 225 5 4 7
225 - 230 1 2 7
230 - 235 6 11 11
235 - 240 7 13 10
240 - 245 19 28 25
245 - 250 26 43 37
250 - 255 56 63 79
255 - 260 59 64 55
260 - 265 46 50 60
265 - 270 32 27 45
270 - 275 13 24 32
275 - 280 17 12 13
280 - 285 11 7 5
285 - 290 b 6 4
290 - 295 6 8 10
295 - 300 4 8 9
300- 305 4 3 7
305 - 310 3 3 7
310 - 315 9 10 8

315 - 320 10 13 6
320 - 325 19 15 12
325 - 330 20 17 11
330 - 335 Is 19 23
335 - 340 to 16 21
340 - 345 8 is 25
345 - 350 9 16 27

,•350 - 355 6 26 36
355 - 360 12 22 22
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{? FRAGMENT HAZARD INVESTIGATION

Test Number: QD-155-S8

Item Tested: M107 155-mm projectile, 15-lb TNT

Configuration: Eight projectiles vertically positioned in a two-by-four matr
side-by-side, with the projectile centerline parallel and
7 in. apart.

Number of Firings/Date: 1/19 July 1977
1/21 July 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Fragment hole count: 90 to 1050 Polar

3600 azimuth

Meteorology: 19 July 1977
Barometric Pressure: 29.70 in Hg

Temperature: 999F
21 July 1977
Barometric Pressure: 28.75 in Hg

! ~Temperature;• 98*F

Instrumentation% Fragment velocity-five high-speed motion picture cameras,

black and white film

B-17
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Fragment Velocities
Firing No. 1

Test QD-155-S8

Veloci-y* (ft/sec) per
Azimuthal Polar Zone (0)
Zone (0) 90-95 95-100 100-105

0 - 5 3046.3 4132.2 4027.1
5 - 10 4015.6 4137.0 3934.7

10 - 15 4545.8 4025.7 4401.6
15 - 20 4587.2 3775.1 4407.5
20 - 25 4326.1 4468.0 4350.8
25 - 30 4993.4 4433.4 4927.7
30 - 35 4907.8 4882.7 5344.2
35 - 40 4738.0 4852.8 5061.2
40 - 45 0.0 3984.3 3876.0
45 - 50 3506.2 3787.9 4389.0
50 - 55 0.0 4273.5 4273.5
55 - 60 3572.0 3545.6 0.0
60 - 65 3345.3 3981.8 3261.6
65 - 70 0.0 0.0 3261.6
70 - 75 3787.9 4038.8 3968.3
75 - 80 3877.6 3922.5 0.0
80 - 85 3679.7 3961.6 4920.6
85 - 90 4761.9 4733.0 5104.2
90 - 95 4977.5 5100.0 5420.3
95 - 100 5750.4 6137.7 5420.3

100 - 105 6146.1 6567.9 6172.8
.A105 - 110 6464.1 6267.7 6041.6

110 - 115 6410.3 6144.6 6393.6
115 - 120 5839.4 6085.1 6361.6
120 - 125 6085.1 6085.1 6554.1
125 - 130 4587.2 5187.7 5000.0
130 - 135 4424.8 4098.4 4587.2
135 - 140 3760.0 4237.3 4303.4
140 - 145 4386.0 4143.7 4098.4
145 - 150 4132.2 3789.2 4006.4
150 - 155 0.0 0.0 4166.7
155 - 160 0.0 0.0 0.0
160 - 165 0.0 3846.2 4858.5
165 - 170 5741.3 6725.0 7213.2
170 - 175 6687.5 7518.1 7050.5
175 - 180 6173.8 6137.9 6499.0
180 - 185 5651.7 4936.9 6131.8
i•5 - 190 0.0 0.0 4065.0

190 - 195 4166.7 4065.3 3906.3

' Velocities recorded photographically
25-ft standoff



Fragment Velocities
Firing No. 1

Test QD-155-S8
(Continued)
Velocity* (ft/sec) per

Azimuthal Polar Zone (0)

Zone (0) 90-95 95-100 100-105

195 - 200 4006.3 3919.8 3787.9
200 - 205 3968.3 3908.2 4132.2
205 - 210 3731.3 3943.1 3787.9
210 - 215 3731.3 4202.0 0.0

215 - 220 0.0 4347.8 0.0
220 - 225 3546.1 4056.6 4098.4
225 - 230 3378.4 4671.9 4237.3
230 - 235 0.0 4725.9 0.0
235 - 240 4902.0 5263.2 4854.4
240 - 245 5434.8 5662.2 5434.8
245 - 250 5421.9 5377.6 5681.8
250 - 255 4902.0 5050.5 5434.8

255 - 260 0.0 4761.9 5655.7
260 - 265 0.0 4578.8 0.0
265 - 270 0.0 0.0 0.0
270 - 275 0.0 0.0 0.0
275 - 280 0.0 0.0 0.0

280 - 285 0.0 0.0 0.0
285 - 290 0.0 4016.6 3787.9

290 - 295 0.0 3787.9 4240.0
295 - 300 0.0 4132.2 4132.2

300 - 305 0.0 3968.3 0.0
305 - 310 3571.4 4202.3 4132.2
310 - 315 0.0 3731.3 4237.3
315 - 320 4903.8 4587.2 4545.5
320 - 325 4903.2 5000.0 5104.2
325 - 330 4807.7 4479.1 4618.6
330 - 335 3968.3 3731.3 3976.2
335 - 340 3571.4 4065.0 4065.0
340 - 345 3571.4 4015.9 4056.6
345 - 350 3496.5 4083.1 4184.8
350 - 355 3247.4 3400.2 4237.3
355 - 360 3564.2 3514.4 4111.9

' Velocities recorded photographically

25-ft standoff
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Fragment Velocities
Firing No. 2

Test QD-155-S8

Velocity* (ft/sec) per
Azimuthal Polar Zone (0)
Zone (0) 90-95 95-100 100-105

0 - 5 0.0 3546.1 4098.4
5 - 10 3012.0 3242.1 4367.6

10 - 15 3787.9 3994.8 4251.9
15 - 20 5077.3 5376.3 5202.4
20 - 25 4424.8 4424.8 4545.5

25 - 30 5159.6 5319.1 4951.0
30 - 35 5106.4 4750.0 5000.0

35 - 40 4762.3 4276.0 3978.7
40 - 45 4489.4 4374.1 3846.2
45 - 50 4098.4 0.0 4570.9
50 - 55 3571.4 4201.7 4237.3
55 - 60 3713.7 4335.6 4201.7
60 - 65 3500.4 0.0 3154.1
65 - 70 0.0 4137.7 4193.4

• 70 - 75 4201.7 4238.1 4411.5
75 - 80 3857.3 0.0 4473.2
80 - 85 3649.6 4118.4 4008.5
85 - 90 4587.2 4858.5 4757.4
"90 - 95 4918.5 4950.5 5058.8
95 - 100 4950.5 4950.5 5302.4

100 - 105 5895.4 5747.1 6142.3
105 - 110 6014.1 6410.3 6050.7
110 - 115 5889.0 6018.7 5747.1

S115 - 120 5682.6 6538.5 6331.1120 - 125 5682.6 5747.1 6410.3

125 - 130 5618.0 6337.4 6362.8
130 - 135 5050.5 4979.3 5283.8

k 135 - 140 4166.7 3832.5 4166.7

"140 - 145 3780.5 4082.3 3877.1
145 - 150 3668.4 3665.5 4237.3
150 - 155 3521.1 4272.9 4166.7
155 - 160 3223.5 4138.3 4386.0

160 - 165 4950.5 4717.0 7352.9
165 - 170 6899.5 7721.6 7815.7
170 - 175 7882.6 7745.9 7367.4
175 - 180 6651.5 5611.2 6095.8
180 - 185 5142.2 4807.7 5440.6
185 - 190 4065.0 4331.0 0.0
190 - 195 3571.6 4420.3 4545.5

* Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Firing No. 2

Test -U-155-S8
(Continued)
Velocity* (ft/sec) per

Azimuthal Polar Zone (0)
Zone (0) 90-95 95-100 100-105

195 - 200 0.0 3981.3 4166.7
200 - 205 0.0 0.0 0.0
205 - 210 4237.3 4159.7 0.0

210 - 215 4386.0 4244.5 4201.7

215 - 220 0.0 0.0 0.0
220 - 225 0.0 4032.3 0.0
225 - 230 5434.8 4246.7 5400.5
230 - 235 5438.6 5529.3 4854.4
235 - 240 5618.0 5050.5 5050.5
240 - 245 4761.9 4587.2 4797.0
245 - 250 4347.8 4902.0 4693.4
250 - 255 4321.9 4347.8 4902.9
255 - 260 4386.0 4239.1 4347.8
260 - 265 3530.6 4281.3 4154.8
265 - 270 3766.0 3624.9 3958.8
270 - 275 3257.7 3274.2 3911.2
275 - 280 0.0 3227.0 3827.8

20- 285 0.0 0. 00

285 - 290 3276.9 3999.6 4322.8
"290 - 295 3076.2 3646.5 3941.8
295 - 300 3787.9 3135.1 4329.1
300 - 305 3760.6 4033.3 4201.7
305 - 310 3760.6 3521.1 4201.7
310 - 315 4761.9 4313.2 4201.7

315 - 320 4587.2 4717.0 4587.2
320 - 325 4587.5 4854.4 4629.6
325 - 330 4464.3 4761.9 4545.5
330 - 335 0.0 420).7 3993.4
335 - 340 4201.7 4049.1 3848.7
340 - 345 3472.2 4100.8 4310.3

345 - 350 3125.0 3720.3 4256.0
350 - 355 3246.8 3550.5 3787.9
355 - 360 3414.2 3659.0 3715.4

* Velocities recorded photographically
at 25-it standoff

U
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Fragment Velocities
Averaged for Both Firings

Test QD-155-S8

Velocity* (ft/sec) per
Azimuthal Polar Zone (0)
Zone (0) 90-95 95-1o0 100-105

0 - 5 3046.3 3839.2 4039.0
5 - 10 3681.8 3881.3 4107.9

10 - 15 4166.9 4017.5 4345.5
15 - 20 4913.9 4461.3 4748.2
20 - 25 4375.4 4455.7 4415.7
25 - 30 5040.9 4581.0 4934.4
30 - 35 4982.3 4823.7 5286.8
35 - 40 4744.9 4605.6 4655.2
40 - 45 4489.4 4211.7 3861.1
45 - 50 3703.6 3787.9 4479.9
50 - 55 3571.4 4237.6 4255.4
55 - 60 3642.9 3861.6 4201.760 - 65 3438.4 3981.8 3154.165 - 70 0.0 4143.7 3927.2

70 - 75 3994.8 4181.2 4337.6
-75 - 80 389.5 3922.5 4473.2

80 - 85 3669.6 4040.0 4464.6
85 - 90 4674.5 4768.9 4896.1
"90 - 95 4955.4 5025.2 5364.4
95 - 100 5617.1 5939.8 5376.1

100 - 105 6074.5 6431.1 6164.1
105 - 110 6335.6 6333.9 6044.2
110 - 115 6019.3 6125.8 6285.8
115 - 120 5776.7 6214.6 6350.2
120 - 125 5970.1 5988.5 6496.6
125 - 130 5102.6 568005 5973.4
130 - 135 4894.1 4853.5 5005.2
135 - 140 3861.7 3933.7 4269.2

J 140 -145 3901.6 4102.7 3921.4
145 - 150 3745.7 3727.3 4093.4
150 - 155 3521.1 4272.9 4166.7
155 - 160 3223.5 4138.3 4306.0
160 - 165 4950.5 4281.6 5690.0
165 - 170 63M0.4 7306,3 7614.9
170 - 175 7339.3 7654.8 7209.0
175 - 180 6412.6 5050.6 6319.8
180 - 105 5397.0 4904.6 5786.2
1805- ý)0 4065.0 5331.0 4065.0
190 - 195 3770.0 4278.3 4225.9

* Velocities recorded photographically
at 25-tt standoft
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Fragment Velocities

Averaged for Both Firings
Test QD-155-S8

(Continued)
Velocity* (ft/sec) per

Azimuthal Polar Zone ()
Zone (0) 90-95 95-100 100-105

195 - 200 4006.3 3942.9 3977.3
200 - 205 3968.3 3908.2 4132.2
205 - 210 3984.3 4015.3 3787.9
210 - 215 4058.7 4216.1 4201.7
215 - 220 0.0 4347.8 0.0
220 - 225 3546.1 4048.5 4098.4
225 - 230 4063.8 5165.9 5206.6
230 - 235 5438.6 5368.6 4854.4

235 - 240 5260.0 5192.3 5001.5
240 - 245 5098.3 5303.9 5052.1
245 - 250 5153.4 5258.7 5117.0
250 - 255 4515.3 4816.3 5168.8
255 - 260 4386.0 4413.4 5328.7
260 - 265 3530.6 4380.5 4154.8
265 - 270 3766.0 3624.9 3950.8
270 - 275 3257.7 3234.2 3811.2
275 - 280 0.0 3227.0 3827.8

280 - 285 0.0 0.0 0.0
285 - 290 3276.9 4004.5 4108.9
290 - 295 3076.2 3674.8 4008.0
295 - 300 3787.9 3467.5 4263.5
300 - 305 3760.6 4011.6 4201.7
305 - 310 3666.0 3929.8 4167.0
310 - 315 4761.9 4119.3 4219.5
315 - 320 4798.3 4652.1 4566.3
320 - 325 4776.9 4927.2 4946.0
325 - 330 4636.0 4549.8 4594.2
330 - 335 3960.3 3.JW6.5 3903.1
335 - 340 3991.6 4054.4 3935.2
340 - 345 3521.8 4040.1 4141.2
345 - 3SO 3241.8 3901.7 4220.4
350 - 355 3247.2 3486.1 4007.5
355 - 360 3489.2 3576.4 3874.0

* Velocities recorded •hotoiraphicaLly
"at 2"-.t stIandoff
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Fragment Hole Count Data

Firing No. 1
Test QD-155-S8

Number of Fragment
Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (0)

Zone 90-95 95-100 100-105

0- 5 11 13 19
5 - 10 18 23 16

10 - 15 9 21 25
15 - 20 22 20 44
20 - 25 18 19 29
25 - 30 32 16 22
30 - 35 10 12 39
35 - 40 24 14 15
40 - 45 5 4 5
45 - 50 5 4 5
50 - 55 7 5 4
55 - 60 3 6 b
60 - 65 11 7 12
65 - 70 10 0 17
70 - 75 11 13 20
75 - 80 18 20 19
80 - 85 24 19 25
85 - 90 33 36 50
90 - 95 47 43 56+
95 - 100 76 49 99+

100 - 105 56 51 83+

105 - 110 69 41 80
110 - 115 55 38 46

115 - 120 63 35 106
120 - 125 106 110 160
125 - 130 103 126 138
130 - 135 23 19 24
135 - 140 3 4 9
140 - 145 4 6 10
145 -150 2 5 5

I50- 15S 4 7 7
155 - 160 3 2 2
160 - 165 6 14 6

165 - 170 63 73 49

170 - 175 93 203 205
17& - I80 77 125 113

180. - 185 28 33 65
185 - 190 1s 14 24
190 - 195 7 5 12
195 - 200 7 8 :

200 - 205 8 8 8

0l-24



Fragment Hole Count Data
Firirg No. I

Test QD-155-S8
(Continued)

SNumbr of Fragment
Uoies in 22-Gauge

Witness Panels
SAzimuthial per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

205 - 210 13 21 5
210 - 215 b 6 7
215 - 220 2 7 8

220 - 225 3 7 4
225 - 230 8 4 11

230 - 235 35 37 22

235 - 240 63 34 53
240- 245 66 43 99
245 - 250 74 47 74
250 255 60 39 97
255- 260 25 37 64+
260- 265 32 43 62
265- 270 43 44 46

270- 275 38 44 30

275 280 26 29 33
280 - 285 20 26 12

285 - 290 19 23 i3
290 -295 15 13

295- 300 12 14
300 - 305 is 11 7

3ý.5 310 17 17 9
310 - 3P5 1 23 16
31! - 320 29 37 25
320 - 32S 39 .14 ~ 28
325 - 330 SO 3 6 23
330 - 33S 16 k'. 13

335 - 340 21 9 5
340- 345 14 42 10
345- 350 6. 8

:: !35'0 ,.35, 6 8

8, 5
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krayment iRole Count Data
Firing No. 2

Test W-155-S8

Number of Fragment
Holes in 22-Gauoe
Witness Panels

Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

0 - 5 7 11 19
5 - 10 12 24 19

10 - 15 12 19 2b
15 - 20 8 16 42
20 - 25 9 14 27
25 - 30 2U 14 2b

30 - 35 11 21 40
35 - 40 10 16 17
40- 45 1 7 9
45 -" ', 4 6
50 - 55 6 3 8
55 - bO S 11 10

60 - 65 7 6 10
65 - 70 14 1i 24
70 - 7S 14 21
75- 80 14 15 20

6 - 85 33 2ý 33
85- W0 30 54 S0+
90 - 95 63 53 95
95 - 100 42 70 96

100 - 105 86 46 78
"105 - 110 39 38 112
110 - 115 34 49 94
,15 - 120 52 7? 143
120,- 125 76 73 115

12S 130 11 02 105

130- 13b be 71 33
13S - 140 10 Is b

140 -146 Is 14 a
145.- 160 9 8 16

O10- 155 2 11 11
-16 - 160 5 15 5
160 - lbs 12 23 23
165 - 170 72 113 89
170 - 175 122 155 195

-17 180 b4 01 16b
1"J lo8 23 3*1 b

185 - 190 1; 12 19

190 - 196 U 15 lb
195 - 200 3 9
2W - 205 6 12 5

,\I:
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Fragment Hole Count Data
Firing No. 2

Test QD-155-S8
(Continued)

Number of Fragment
Holes in 22-Gauge

Witness Panels
Azimuthal per Polar Zone (0)

Zone o) 90-95 95-100 100-105

205 - 210 3 4 4
210 - 215 6 5 7
215 - 220 4 5 9

220 - 225 3 5 6
225 - 230 31 28 10
230 - 235 44 53 36

235 - 240 42 52 108
240 - 245 62 43 59
245 - 250 29 24 61
250 - 255 33 47 55
255 - 260 40 64 62
260 - 265 28 bl 46

265 - 270 29 60 31
270 - 275 15 35 35

275 - 280 19 23 27
L80 - 285 12 8 12

285 - 290 16 13 13
290 -295 20 21 9
295 -300 20 11 7
300 - 305 17 13 16

305 - 310 17 11 15
310 - 315 30 17 1-
315 - 320 41 46 28
320- 325 44 52 29
325 - 330 25 22 26
330 - 335 11 8 14

335 - 340 15 13 15
340 - 345 6 8 5

345 - 350 8 9 9
350 - 35b 5 15 13

355 - 360 10 17 22

B-27



FRAGMENT HAZARD INVESTIGATION

Test Number: QD-155-S8A

Item Tested: M107 155-mm projectile, 15-lb TNT

Configuration: Eight projectiles vertically positioned, two-by-four matrix,
side-by-side, with the projectile centerline parallel and 7 in.
apart

Numbr of Firings/Date: 1/28 July 1977
1/4 August 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Fragment hole count: 90 to 1050 Polar
3600 Azimuth

Meteorology: 28 July 1977
Barometric Pressure: 28.45 in Hg
Temperature: 880F
4 August 1977
Barometric Pressure: 29.95 in Hg

Temperature: 98*F

Instrumentation: Fragment velocity--five high-speed motion picture cameras,
black and white film

B 

I
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Fragment Velocities
Firing No. 1

Test QD-155-S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 5 3816.8 4347.8 3114.3

5 - 10 4464.3 3728.1 5146.6
10 - 15 5046.1 4317.3 5436.1
15 - 20 5423.9 5073.4 5497.6
20 - 25 5292.3 5056.2 5103.7

25 - 30 6172.8 6410.3 5580.4

30 - 35 5849.8 5815.5 5465.9
35 - 40 5555.6 5376.3 4902.0

40 - 45 5347.1 5555.6 4525.0
45 - 50 3846.2 4357.4 3869.0

50 - 55 3589.2 4260.6 3460.6
55 - 60 5121.7 4854.4 4098.4

60 - 65 5814.0 4816.0 6538.5
65 - 70 6805.6 6672.0 4583.5

70 - 75 6550.2 6079.2 6607.7
75 - 80 5434.8 5915.3 5906.8

80 - 85 4939.3 6396.2 4951.5
85 - 90 6454.0 4902.0 4723.7
"90 - 95 5428.8 4629.6 4784.4
95 - 100 4850.4 4902.0 4812.8

100 - 105 6559.9 5618.0 5167.5
105 - 110 5306.7 5618.0 5977.4
110 - 115 6097.6 5681.8 5618.0
115 - 120 4950.5 5263.2 4541.4
120 - 125 5452.6 4809.4 5263.2
125 - 130 5452.6 5102.0 4717.0
130 - 135 4954.9 4905.8 4545.8
135 - 140 4099.5 4807.7 3834.2
140 - 145 4000.0 4251.7 4386.0
145 - 150 4006.4 4214.6 4386.0
150 - 155 3968.3 4166.7 4223.1

1* 155 - 160 5924.0 6222.9 6087.7
160 - 165 6493.5 6583.7 6719.0
165 - 170 7462.7 6944.4 7375.8
170 - 175 5681.8 6493.5 6944.4
175 - 180 4902.0 524-6.1 5398.1

180 - 185 4742.9 4262.6 4583.8
185 - 190 4629.6 3693.4 3246.8
190 - 195 0.0 3844.1 3401.4

* Velocities recorded photographically

at 25-ft standoff
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Fragment Velocities
Firing No. 1

Test QD-155-SSA
(Continued)

Velocity* (ft/sec)
Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

195 - 200 4131.9 4069.4 3734.3
200 - 205 4280.5 4406.1 0.0
205 - 210 4350.8 4219.6 0.0
210 - 215 4098.4 3703.7 4132.2
215 - 220 4347.8 0.0 3937.0
220 - 225 4311.0 3937.0 3703.7
225 - 230 3811.0 4000,0 3434.4
230 - 235 3918.5 3906.3 4386.0
235 - 240 4467.1 4902.0 4347.8
240 - 245 4609.2 4761.9 4587.2
245 - 250 5102.0 4717.0 4672.9

250 - 255 5618.0 4950.5 4593.3
255 - 260 5102.0 4545.5 4310.3
260 - 265 6666.7 4310.3 5000.0
265 - 270 4761.9 4391.4 4464.3

270 - 275 4672.9 4464.3 4237.3
275 - 280 4629.6 4545.5 4746.9
280 - 285 5102.0 4237.3 4525.0
285 - 290 4807.7 4587.2 4717.0
290 - 295 4960.9 5102.0 5000.0
295 - 300 5376.3 5376.3 5376.3
300 - 305 5376.3 5182.6 5263.2
305 - 310 4854.4 5376.3 5263.2
310 - 315 4527.2 4004.1 0.0
315 - 320 4310.3 3745.8 4237.3
320 - 325 3623.2 3968.3 3098.4
325 - 330 4097.8 4006.6 0.0
330 - 335 3701.4 3270.5 0.0
335 - 340 3048.3 3632.7 3273.8
340 - 345 4098.4 2873.6 0.0
345 - 350 4098.4 3564.3 3355.7
350 - 355 3954.0 3423.5 3424.7
355 - 360 4098.4 3418.2 3227.5

~t 4

* Velocities recorded photographically

at 25-ft standoff
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•1,
Fragment Velocities

Firing No. 2

Test QD-155-S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 5 3559.9 3985.5 4212.9
5 - 10 5102.0 4629.6 5349.0

10 - 15 5263.2 6189.6 5671.8
15 - 20 6593.0 6187.8 6258.0
20 - 25 6466.5 6097.6 5263.2
25 - 30 5690.7 4984.2 4950.5

30 - 35 3597.1 4274.4 3763.0
35 - 40 3597.1 3849.8 3164.6
40 - 45 4166.7 4020.2 2977.9
45 - 50 3164.6 4191.8 4587.2
50 - 55 5035.9 4231.8 3648.4
55 - 60 5884.5 5237.1 4168.4
60 - 65 6178.6 5982.1 5620.5
65 - 70 5741.0 5868.3 5927.8
70 - 75 4807.7 4525.7 4711.8
75 - 80 4790.1 4505.2 4347.8

80 - 85 4807.7 4717.0 4792.4
85 - 90 4950.5 4761.9 4464.3
90 - 95 5210.6 5102.0 4563.5
95 - 100 5437.4 5555.6 5001.0
100 - 105 6744.5 6A 74 6223.2
105 - 110 6588.2 6434.7 6260.2
110 - 115 6498.8 6396.1 5952.4
115 - 120 6490.5 5064.5 4950.5
120 - 125 5960.6 5811.3 5588.7
125 - 130 6493.5 5479.4 5151.1
130 - 135 4464.3 4275.5 3496.5
135 - 140 4081.7 4193.5 4237.3
140 - 145 3878.1 4237.3 3653.2
145 - 150 3731.3 4386.0 3825.7
150 - 155 4717.0 4605.8 3355.7
155 - 160 5154.6 5017.0 4504.5
160 - 165 7091.5 6849.3 6172.8
165 - 170 8007.4 8151.7 7885.8
170 - 175 7129.7 7424.7 7110.3
175 - 180 5134.8 5573.8 5102.0
180 - 185 5406.8 4970.9 4347.8
185 - 190 3745.4 3556.9 3216.7

190 - 195 3705.0 3784.6 3546.1

* Velocities recorded photographically

at 25-ft standoff
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Fragment Velocities
Firing No. 2

Test QD-155-S8A
(Continued)
Velocity* (ft/sec)

Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

195 - 200 4187.2 3877.4 3462.4
200 - 205 4175.3 4206.4 2857.1
205 - 210 0.0 3787.9 3414.7
210 - 215 4387.3 4310.3 3246.8
215 - 220 4387.3 3355.7 4152.8
220 - 225 4505.2 4201.7 3846.2
225 - 230 4696.8 4375.2 4098.4
230 - 235 5500.5 5154.6 5082.0
235 - 240 5197.2 5236.9 5077.3
240 - 245 5330.4 5000.0 5025.3
245 - 250 5236.9 5274.6 4985.5
250 - 255 4974.4 5025.3 5102.0
255 - 260 4601.8 4310.6 4902.0
260 - 265 4717.0 4513.7 5208.3
265 - 270 4720.8 4494.9 4717.0
270 - 275 4717.0 4632.7 4940.7
275 - 280 4227.0 4587.2 4807.7
280 - 285 4294.5 4285.7 4717.0
285 290 4587.2 4687.4 4386.0
290 - 295 4006.0 4927.2 4882.8
295 - 300 4949.5 4831.0 4761.9
300 - 305 5319.1 5434.8 5376.3
305 - 310 5154.6 5263.2 5154.6
310 - 315 4950.5 4954.9 5050.5
315 - 320 4132.2 4761.9 4950.5
320 - 325 3846.2 4545.5 4201.7
325 - 330 0.0 4386.n 4098.4
330 - 335 0.0 4132.2 3816.8
335 - 340 4573.9 3379.0 3333.3
340 - 345 3816.8 3978.7 4000.0
345 - 350 4386.0 3906.3 3184.7
350 - 355 4237.3 3710.9 3407.4
355 - 360 5000.0 3778.3 3864.5

* Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Averaged for Both Firings

Test WD-155-S8A

Velocity* (ft/sec)
Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

0 - 5 3688.3 4130.4 3585.1
5 - 10 4889.5 3908.4 5214.0

10 - 15 5082.3 4852.3 5553.9

15 - 20 6073.4 5551.0 5877.8
20 - 25 5996.8 5403.3 5167.5
25 - 30 5828.4 5554.6 5370.4

30 - 35 5399.2 4934.9 4330.6
35 - 40 4576.3 4358.6 4033.3

40 - 45 5111.0 4327.2 3751.4
45 - 50 3505.4 4274.6 4108.4

50 - 55 4553.7 4243.3 3585.8
55 - 60 5598.5 5127.7 4133.4
60 - 65 6117.8 5399.0 5882.8
65 - 70 6045.1 6327.5 5543.7

70 - 75 6052.3 5302.4 5659.7
75 - 80 5219.9 5210.2 5595.0
80 - 85 4906.4 5836.5 4872.0
85 - 90 5952.9 4831.9 4568.1
90 - 95 5341.5 4944.6 4646.3

95 - 100 5018.1 5228.8 4893.5
100- 105 6639.0 6144.7 5871.3

105 - 110 6107.6 6108.0 6154.2
110 - 115 6431.9 6277.1 5868.8
115 - 120 6233.9 5104.2 4745.9
120 - 125 5734.8 5525.1 5507.3
125 - 130 5660.8 5403.9 5006.4
130 - 135 4791.3 4590.6 4196.1
135 - 140 4090.6 4347.0 3968.5
140 - 145 3918.7 4246.9 3836.4
145 - 150 3914.7 4257.4 3965.8
150 - 155 4342.6 4496.0 3934.0
155 - 160 5731.7 5620.0 55,9.9
160 - 165 6749.8 6628,0 6609.7
165 - 170 7765.3 7548.1 7567.0
170 - 175 6550.5 7238.5 7068.8
175 - 180 5057.2 5433.3 5250.1
180 - 185 5008.5 4687.6 4489.4
185 - 190 4187.5 3615.4 3226.7
190 - 195 3705.0 3801.6 3473.7

Velocities recorded photographically
at 25-ft standoff
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Fragment Velocities
Averaged for Both Firings

Test QD-155-S8A
(Continued)

Velocity* (ft/sec)
Azimuthal _per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

195 - 200 4163.5 3973.4 3625.5
200 - 205 4214.7 4306.2 2857.1
205 - 210 4350.8 4111.6 3414.7
210 - 215 4291.0 4007.0 3689.5
215 - 220 4374.2 3355.7 4044.9
220 - 225 4408.1 4069.3 3774.9
225 - 230 4549.2 4281.4 3600.4
230 - 235 4973.2 4738.5 4942.8
235 - 240 4832.2 5125.2 4834.2
240 - 245 5041.9 4881.0 4879.2
245 - 250 5169.5 5088.8 4907.3
250 - 255 5296.2 5000.3 4762.9
255 - 260 4701.8 4369.3 4606.2
260 - 265 5366.9 4412.0 5104.2
265 - 270 4734.5 4453.5 4590.6
270 - 275 4694.9 4590.6 4589.0
275 - 280 4327.6 4566.3 4762.1
280 - 285 4456.0 4261.5 4589.0
285 - 290 4660.7 4667.3 4551.5
290 - 295 4483.5 4985.5 4960.9
295 - 300 5091.8 5103.7 5069.1
300 - 305 5362.0 5266.7 5319.8
305 - 310 4954.5 5319.8 5227.0
310 - 315 4668.3 4479.5 5050.5
315 - 320 4221.3 4084.5 4593.9
320 - 325 3734.7 4160.7 3466.1
325 - 330 4097.8 4082.5 4098.4
330 - 335 3701.4 3414.1 3816.8
335 - 340 3484.2 3560.2 3293.7
340 - 345 4004.5 3426.1 4000.0
345 - 350 4242.2 3632.7 3270.2
350 - 355 4024.8 3628.8 3410.9

355 - 360 4323.8 3598.3 3682.5

* Velocities recorded photographically
at 25-ft standoff
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Fragment Hole Count Data
Firing No. 1

Test QD-155-S8A

Number of Fragment

Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (0)

Zone (0) 90-95 95-100 100-105

0 - 5 17 19 26
5- 10 29 37 50

10 - 15 58 28 41
15 - 20 65 39 41
20 - 25 22 32 39
25 - 30 25 24 b3
30- 35 17 30 65
35- 40 44 20 27
40 - 45 11 9 8
45 - 50 4 12 8
50 - 55 6 11 7
55 - b0 7 10 b
bO - b5 18 14 18
65 - 70 43 32 44
70 - 75 82 59 102
75 - 80 b0 9b 97

80 - 85 65 52 74
85 - 90 40 47 43
90 - 95 58 54 66

95 -100 b0 91 73
100 - 105 102 86 138
105 - 110 49 (11 77
110 - 115 33 42 38
115 - 120 39 40 45
120 - 125 16 29 46

i 125 - 130 23 48 so

130 - 135 20 27 16
135 - 140 9 16 12
140 - 145 8 15 4

145 - 150 4 9 8
150 - 155 8 5 0
155 - 160 23 29 28
160 - 165 63 6b 91
165 - 170 135 134 167

4 170 - 175 96 103 140

175 - 180 32 40 79

180 - 185 27 42 31
185 - 190 lb 10 14
190- 195 5 8 8
195 - 20U 7 8 10

200 - 205 6 15 8
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Fragment Hole Count Data
Firing No. 1

Test QD-155-S8A
(Continued)

Number of Fragment
Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (o)

Zone (0) 90-95 95-100 100-105

205 - 210 15 4 7
210 - 215 6 10 10
215 - 220 9 9 8
220 - 225 7 7 6
225 - 230 5 13 12
230 - 235 33 33 24

235 - 240 40 29 56
240 - 245 32 36 62
245 - 250 48 33 53

250 - 255 17 40 57
255 - 260 29 40 52
260 - 265 31 59 72
265 - 270 33 57 54
"270 - 275 49 46 45
275 - 280 37 48 29
280 - 285 33 30 19

285 - 290 34 24 52
290 - 295 33 24 41
295 - 300 44 31 35
300 - 305 38 33 53
305 - 310 24 16 16
310 - 315 3 14 l
315 - 320 3 4 7
32U - 325 5 3 4
325 - 30 5 5 3
330 -335 4 12
335-340 5 9 10
340 - 345 12 7 9
345 - 350 22 14 12
350 - 355 31 21 16
355 - 360 19 22 30

. -
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Fragment Hole Count Data
"Firing No. 2

Test •D-155-S8A

Number of Fragment
Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (o)
Zone (0) 90-95 95-100 100-105

0 - 5 23 31 55
5 - 10 39 55 56

10 - 15 35 56 38
15 - 20 36 35 46
20 - 25 18 32 41
25 - 30 31 36 9

k 30 - 35 9 13 4
35 - 40 4 3 4
40 - 45 4 5 645 - 50 4 6 6
50 - 55 11 10 10
55 - 60 64 51 13
60 - 65 53 54 b7
65- 70 47 54 105
70- 75 46 39 6875 - do 41 b8 69
80- 85 28 45 45
85 - 90 39 29 47
90 - 95 84 74 99
95 - 100 93 92 116

93 62 1 11 DO - 0S4 73105 - 110 47 41 76
!10 - 1,5 54 39 73
115 - 120 29 50 54
120 - 125 5 o 94 77:4 125 - 130 27 227
130- 135 5 6 6
135 - 140 3 5i
140 - 145 3 4 8
145 - 150 4 7 9
150 - 155 7 2 6
155 - 160 12 27 17"160 - 165 83 72 b3
165 - 170 120 83 166
170 - 175 67 62 114L-175- 

180 37 30 4b
180 - Ids 7 15 11
185 - 190 4 12 13
190 - 195 8 19
195 - 200 10 5 b
200 - 205 7 )1 6
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'Fragment Hole Count Data

Firing No. 2

Test QD-155-S8A
(Continued)

Number of Fragment
Holes in 22-Gauge
Witness Panels

Azimuthal per Polar Zone (0)
Zone (0) 90-95 95-100 100-105

205 - 210 3 10 8
210 - 215 5 11
215 - 220 4 4 b
220 -225 8 6 7
225 - 230 15 20 2)230 - 235 51 47 63

235 - 240 31 3b 54240- 245 50 43 83
245 - 25U 43 !7 95
250 - 255 40 45 66
255 - 260 3b 46 32
260 - 265 27 49 29
205 - 270 32 29 21
270 - 275 33 22 26
275 - 200 24 3b 3?
280 - 285 30 30 20
"285 - 290 30 30 20
290 - 295 26 21 40
295 -30O 79 34 54
300 - 30 76 52 42
305- 310 t0 17 12
310 - 31S 13 u
315 - 320 7 4 6
320 - 325 0 4"325 - 330 4 AU 10
330 -335 0
335-340 3 0 8
340 - 345 13 23 b
345 -350 11 7 10
350 - 355 11 20
365 - 360 14 24 29
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FRAGMENT HAZARD INVESTIGATION

Test Number: •D-155-SC4

Item Tested: M107 155-mm projectile, 15-lb TNT

Configuration: Four projectiles vertically positioned, cube configuration,
side-by-side, with the projectile centerline parallel and
7 in. apart

Number of Firings/Date: 1/7 November 1977

Location: NSWC/Explosive Experimental Area

Zone Information: Fragment recovery. 75 to 900 Polar
3b0 Azimuth

Meteorology: 7 November 1977
Barometric Pressure. 29,9 fig

I Temperature: 72OF

Instrumentation: None

-- 39
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FRAGMENT HAZARD INVESTIGATION

Test Number: VD-155-SC12

Item Tested: M107 155-mm projectile, 15-lb TNT

Configuration: Eght projectiles vertically positioned, two-by-four matrix,
aide-by-side, with the projectil.e centerline parallel and
7 in. .zpart

Number of Firings/Date: /j20 June 1978

Location: NSWC/Explosive ! -týta Area

Zone Inf ;Cad- ti c, raLmejit recovery: )0 to 1050 Polar
.- 1.800 Azimuth

.r•gi:.-_rt hola count: 85 to 1050 Polar
1800 Azimuth

Me toro 1 :.. 20 June 1978
8arometric Pressure; 28.75 in I*4
, mperaturet 851F

I tnuaefti on. None
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Fragment Recovery Data for Azimuthal Zone 90-950
Test No. QD-155-SC12

Polar Zone (0)
60 -65 65 - 70 70 -75

Total Total Total
Fragment Wt. No. Fragment No. Fragment No. Fragment

(gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)

"0 - 108 17 352.7 12 391.2 15 485.1
108 - 308 1 298.8 2 358.8 2 420.4
308 - 500 0 0.0 1 357.3 0 0.0
500 - 600 0 0.0 0 0.0 0 0.0
600 - 700 0 0.0 0 0.0 0 0.0
700 - 800 0 0.0 0 0.0 1 746.9
800 - 900 0 0.0 0 0.0 1 868.6
900 - 1000 0 0.0 0 0.0 0 0.0

A 1000 - 1200 0 0.0 0 0.0 0 0.0
1200 - 1400 0 0.0 0 0.0 0 0.0
1'I 1400- 1700 0 0.0 0 0 0 0 0.0
S1700- 2000 .0 0.0 0 0.0 0 0.0
2000 - 2500 0 0.0 0 0.0 0 " 0.0
2500-- 3000 0 3).0 .0 0.0 0 0m.0
3000 + 0 0.0 0 - 0.0 0 0.0
Totals 18 651.4 15 1107.3 09 2521.0
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Fragment Recovery Data for Azimuthal Zone 90-950
Test No. QD-155-SC12

(Continued)

Polar Zone (0)
75 -90 90 - 95 95 -100

Total Total Total
Fragment Wt. No. Fragment No. Fragment No. Fragment

(gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)

0 - 108 4 110.9 44 685.3 41 865.5
108 - 308 1 127.8 4 920.9 4 639.1
308 - 500 1 332.6 0 0.0 1 345.0
500 - 600 0 0.0 0 0.0 2 1084.2S600 - 700 0 0.0 0 0.0 0 0.0

700- 800 0 000 0 0.0 1 774.6
2800 - 900 0 0.0 0 0.0 1 845.5
2900- 3000 0 0.0 0 0.0 0 0.01000 - 1200 0 0.0 1 1033.3 0 0.0

S1200 - 1400 0 0.0 0 0.0 0 0..0,
•". " . 1400 - .1700 0 0.0 0 0.0 0 .0.0

h :•1700 - 2000. 0 0.0 0 0.0 0 0,0
.| 2000 - 2500 0 0.0 0~ 0 .0 o 0.0

•.,•2500 - 3000 0 O,.0 0 0.. O 0 0. 0

3000 + 0 0.0 0 0.0 0 0.0
Totals 6 571.3 49 2639.6 50 4553.8

I
•-J

i-
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Fragment Recovery Data for Azimuthal Zone 90-950
Test No. QD-155-SC12

(Continued)

SPolar Zone (0)
100- 105 105 - 110 110 - 115

Total Total Total
Fragment Wt. No. Fragment No. Fragment No. Fragment

(gr) Fragment Wt. (gr) Fragment Wt. (gr) Fragment Wt. (gr)

0 - 108 51 1050.3 15 274.1 11 448.1
108 - 308 10 1715.6 10 1837.2 3 611.4
308 - 500 3 1341.3 4 1606.2 0 0.0
500 - 600 2 1110.3 0 0.0 2 1125.7
600 - 700 0 0.0 1 651.4 0 0.0
700 - 800 0 0.0 1 791.6 0 0.0
800- 900 0 0.0 0 0.0 0 0.0
900 - 1000 0 0.0 0 0.0 0 0.0

1000 - 1200 0 o.o 1 1185.8 0 0.0
1 -100 - 1400 0 0.0 0 0.0 2 2541.0
1400- 1700 0 0.0 2 3115.4 0 0.0
1700 -2000 0 0.0 0. 0.0 0 0.0

A1 2000 - 2500 1 2105.2 0 0.0 0 0.0
2500 - 3000 0 0.0 0 0.0 0 0.0
3000 + 1 7760.1 0 0.0 1 6361.7
Totals 68 15082.8 34 9461.8 19 11088.0
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Fragment Recovery Data for Azimuthal Zone 90-950
Test No. QD-155-SC12

(Continued)

Polar Zone (0)

115 - 120

Total
Fragment Wt. No. Fragment

(gr) Fragment Wt. (gr)

0- 108 3
0 - 108 3 83.2

108 - 308 1 194.0
308 - 500 1 341.9
500 - 600 0 0.0
600 - 700 1 617.5
700 - 800 0 0.0
800- 900 0 0.0
900 - 1000 0 0.0

1000 - 1200 0 0.0
1200 - 1400 0 0.0
1400 - 1700 1 1515.8
1700 - 2000 0 0.0
2000 - 2500 0 0.0
2500 - 3000 0 0.0
3000 + 0 0.0
Totals 7 2787.4

I
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Fragment Weight and Number Totals Combined for
Polar Zone 60-1200 and Azimuthal Zone 90-950

Test No. QD-155-SC12

Fragment Wt. No. of Fragment Average
(gr) Fragment Wt. (gr) Wt. (gr)

0 - 108 213 4746.3 22.3
108 - 308 38 7124.0 187.5
308 - 500 11 4324.3 393.1
500 - 600 6 3320.2 553.4

} 600 - 700 2 1269.0 634.5
700 - 800 3 2313.1 771.0
800 - 900 2 1714.0 857.0
900 - 1000 0 0.0 0.0

1000 - 1200 2 2219.1 1109.6
1200 - 1400 2 2541.0 1270.5
1400 - 1700 3 4666.2 1555.4
1700 - 2000 0 0.0 0.0
2000 - 2500 1 2105.2 2105.2
2500 - 3000 0 0.0 0.0
3000 + 2 14121.8 7060.9
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Fragment Number Totals for Azimuthal Zone 75-1200
Test No. QD-155-SC12

Weight 60-65 65-70 70-75 90-95 95-100 100-105 105-110 110-115 115-120
Group No. No. No. No. No. No. No. No. No.
(gr) Frag. Frag. Frag. , rg • . Frag. Frag. Frag. Frag.

0 - 100 180 201 257 374 499 644 261 184 70
100- 300 30 53 81 38 77 143 117 57 20
300- 500 9 25 37 13 35 64 51 25 11
500- 600 3 12 18 11 24 40 29 17 9

600- 700 3 8 12 8 19 33 25 11 6
700- 800 2 7 9 7 Ib 29 20 10 3
800- 900 1 3 8 5 14 27 17 9 .
900 - 1000 1 3 3 5 9 23 15 9 3

1000 - 1200 1 3 3 4 8 18 14 8 2

1200 -1400 1 2 3 3 6 13 8 7 2
1400 - 1700 1 2 2 3 5 12 7 4 2
1700 - 2000 1 2 2 3 3 7 4 2 -*

2000- 2500 1 2 2 2 3 6 4 2 -*

3000+ - - I 1 1 3 2 2

No ftragments in this weight group
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Fragment Weight Presented Area Uata
Test No. QD-155-SC12
Azimuthal Zone 90-950
Polar Zone 60-1200

Impact

Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2) (in. 2 /lb) (gr/in.3 ) (ft/lb)

868.60 1.00 8.1 868,6 22.4
746.90 .80 7.5 1043.8 20.7
357.30 .60 11.8 768.8 6.3
332.60 .60 12.6 715.6 5.5

1033.30 1.20 8.1 786.1 26.4
7760.10 5.30 4.8 636.0 337.6
2105.20 1.80 6.0 871.7 73.2

580.60 1.20 14.5 441.7 8.3
529.80 .90 11.9 620.5 9.3
489.70 1.00 14.3 489.7 7.1
443.50 .80 12.6 619.8 7.3
408.10 .70 12.0 696.8 7.1
774.60 1.20 10.8 589.3 14.9
559.00 .90 11.3 654.7 10.3
345.00 .70 14.2 589.1 5.1
845.60 1.00 8.3 845.6 21.2
525.10 .90 12.0 615.0 9.1

1235.10 1.40 7.9 745.6 32.4
1305.90 1.30 7.0 881.0 39.0
6361.70 3.00 4.2 $58.8 316.5

526.70 .90 12.0 616.9 9.2
599.10 .90 10.5 701.7 11.9
318.80 .70 15.4 544.3 4.3

67.0 .0 03671.6 13.6

779.20 1.30 11.7 525.7 13.9
1185.80 1.30 7.) 800.0 32.1
1464.50 1.80 A.6 606.4 35.4
1650.90 1.90 8.1 630.4 42.6
2152.90 2.30 7.5 617.2 59.9
3175.50 3.00 6.6 611.1 99.9

391.10 .60 10.7 $41.5 7.6
394.20 .60 10.7 848.2 7.7
434.30 .70 11.3 741.6 8.0
651.40 1.20 12.9 495.5 10.5
791.60 1.00 8.8 191.6 18.6
386.50 .80 14.5 540.2 5.5
632.90 1.20 13.3 481.5 9.9
695.10 1.00 10.1 695.1 14.4
1 1550.80 1.40 6.3 936.2 51.0
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 90-950
Polar Zone 60-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in,7) (ft/lb)

3 341.90 .60 12.3 735.7 5.8

617.50 .70 7.9 1054.4 16.2

Total number of fragments 41

Average ballistic density for all fragments 703.2

I Average gamma for all fragments 10.167

Number of hazardous fragments in zone = 5
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 80-1000
Polar Zone 90-1000

Impact
ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Ared (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

527.2 .79 10.5 746.7 10.4
620.6 1.06 11.9 571.1 10.8
597.3 1.02 11.9 580.7 10.4

1865.5 3.48 13.0 288.0 29.8
821.9 1.54 13.1 429.3 13.0

1027.3 1.93 13.1 383.4 16.3
706.1 1.51 15.0 379.0 9.8

2266.7 2.36 7.3 625.2 74.7
1691.1 1.82 7.5 688.5 46.7
1783.7 1.96 7.7 649.3 48.2
1533.0 1.82 8.3 625.6 38.4
1885.5 2.27 8.4 550.0 46.5
1323.6 1.60 8.5 651.9 32.5
1910.2 2.45 9.0 498.6 44.3

773.4 1.12 10.2 648.6 15.8
"521.4 .79 10.6 745.1 10.2
511.2 .80 10.9 718.9 9.7

2036.8 3.31 11.4 337.8 37.2
913.1 1.69 12.9 417.4 14.7
726.4 1.35 13.0 4C,4.1 11.6

6.86.2 1.30 13.3 463.5 10.8
863.5 1.68 13.6 ?95.5 13.2
925.4 1.94 14.7 341.8 13.1
1135.2 1.35 8.3 722.9 20.3
2325.3 2.84 8.6 484.9 56.5
. tn. .82 8.0 877.0 15.3

1367.6 1.78 9.1 574.4 31.2
689.9 .95 9.6 746.1 14.9

1242.2 1.74 9.8 539.3 26.3
616.8 .88 10.0 744.6 12.8

't 1160.0 1.84 11.1 464.0 21.7
501.1 .80 11.1 703.5 9.4
811.3 1.31 11.3 543.6 1S.0

4 1596.4 2.59 11.4 383.3 29.3
2570.6 4.19 11.4 300.0 46.9
565.6 .98 12.1 582.6 9.7
578.5 1.09 13.1 511.3 9.2
680.8 1.33 13.7 444.4 10.4

1617.1 3.77 16.3 221.2 20.6
3430.1 3.13 6.4 620.9 111.9
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Fragment Weight Presented Area Data

Test No. QD-155-SC12
Azimuthal Zone 80-1000

Polar Zone 90-1000
(Continued)

Impact

Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

3450.1 3.21 6.5 599.2 110.1
2356.2 2.40 7.1 634.9 68.8
1277.0 1.35 7.4 812.0 35.8
1007.3 1.09 7.6 886.4 27.7
942.6 1.11 8.2 808.9 23.8
703.7 .86 8.6 881.4 17.1

1533.6 1.90 8.7 584.7 36.7
1119.8 1.49 9.3 615.1 25.0
712.0 .95 9.3 769.7 15.9
589.2 .79 9.4 842.0 13.1
579.2 .79 9.6 822.7 12.6
769.3 1.07 9.9 691.1 16.4
815.5 1.15 9.9 663.3 17,2

1 981.2 1.42 10.1 578.6 20.1
609.0 .91 10.5 699.9 12.1

3106.1 4.65 10.5 309.8 61.7
638.8 .97 1Q.' 671.9 12.5
672.0 1.02 10.7 649.2 13.1
669.1 1.04 10.9 630.8 12.8
525.6 .82 11.0 703.3 10,0
766.6 1.24 11.3 555.8 14.14I 598.5 .98 11.4 619,1 10.9

4 1179.1 1.96 11.6 429.9 21.1
636.2 1.11 12.2 546.2 10.9
590.2 1.06 12.6 540.9 9.8
"89,3 1.60 12.6 439.0 14.7
799.5 1.44 12.6 46:2.6 13.2

747.7 1.35 12.6 478.2 12.3
,802.8 1.5 13.3 428.1 12.6

1485.1 3.15 14.8 265.6 20.8
1485.1 3.15 14.8 265.6 20.8

Total tnumber of f ra-psnts 71

Average ballistic density for all fragments 571.1

Avorage gamma for all fragments 10.75-

Number of hazardous fragwents in zone 5
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-120Q
Polar Zone 90-1050

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (9r) Area (in. 2 ) (in. 2 ilb) (gr/in. 3) (tt/lb)

3906.98 3.73 f.7 542.1 121.6
3802.28 2.28 4.2 1108.1 188.8
2450.14 2.64 7.5 572.4 67.7
7279.58 5.47 5.3 569.2 287.9
2638.02 3.56 9.5 392.3 58.0
2758.14 3.35 8.5 450.6 67.6
7760.06 5.34 4.8 628.1 334.8
3243.24 3.98 8.6 407.9 78.5
879.34 1.13 9.0 728.3 20.3

1820.28 1.85 7.1 722.2 53.2
1695.54 1.69 7.0 771.0 50.5
1643.18 1.54 6.6 0%9.7 52.1
997.92 1.06 7.4 q17.8 28.0

1213.52 1.44 8.3 698.9 30.3
563.64 .94 11.7 615.6 10.0
512.82 1.07 14.6 461.7 7.3
497.42 .85 12.0 030.5 8.6
1074.92 1.22 8.0 794.5 2.11
21 05.18 1.84 6.1 U42.3 71.5
580.58 1.16 14.0 462.1 8.6
529.76 .87 11.5 651. 1 9.6
4439.72 .97 13.9 S10.3 7.3
443.52 .83 D.0 590.? 7.1
774.62 1.22 11.0 573.5 14.6
559.0? .89 11.1 665.4 10.4
344.96 .69 14.0 600.1 5.1

1033.34 1.16 7. M31.5 27.4
:61.4 .55 q.1 031.4 14.8
139.00 -87 11.1 662.5 9.9
478,94 .76 11.1 720.2 9.9
397.32 .63 11.0 503.3 7-.S
386.54 .62 11.2 7"9. 1 7.2
346.50 .66 13.4 639.7 5.4

1093.40 1.11 7.1 934.3 32.0
* 410.88 .81 13.5 579.1 6.5

392.70 .flC 1,.0 509.6 5.5
311.08 .68 15.4 549.11 4.2
8W2.42 1.05 8.4 81(-.2 22.0
594.44 .94 11.1 648.4 11.1
563.64 .78 9.7 821.9 12.1
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1200

Polar Zone 90-10b1

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

314.16 .62 13.8 641.4 4.7
434.28 .80 12.9 607.5 7.0
423.50 .74 12.3 659.3 7.2
392,70 .73 13.0 631.8 6.3
620.62 .92 10.4 701.1 12.4
383.46 .66 12.1 712.9 6.6

2220.68 2.32 7.3 627.8 63.1
1501,50 1.84 8.6 602.9 36.5
1449.14 1,74 8.4 629.0 35.C
851.62 1.41 11.6 507.4 15.3

1002.54 1.28 8.9 696.3 23.4
777.70 1 Jf 11.6 sl1.5 13.9
426.58 .79 13.0 604.5 0.8
973.28 1.17 0.4 764.7 24.0
"888.58 1.27 10.0 618.0 18.4
560.26 1.02 12.5 553.2 9.4
426.58 ,76 12.5 639.1 7,1
988.60 1.17 8.3 702.1 24.8
380.30 .66 12.1 712.? 6.5
355.74 .60 11.9 757.9 6.:
308.00 .57 12.9 716.4 4.9
321.86 .60 13.1 692.4 S.1
408.10 .74 12.7 641.2 6.7
845.46 1.00 0.2 650.1 21.3
525.14 .87 11.6 647.6 9.4
699.16 1.11 11.A S95.4 13.0
623.70 .09 10.0 736.7 12.9
520.52 .89 )1.9 621.9 9.1
509.74 .74 10.2 790.7 10.4
405.02 .74 12.7 641.3 6.6
355.74 .62 12.3 723.2 6.0
569.80 .82 10.1 762.9 11,7
472.78 .49 13.2 S61,8 7.5
495.86 .79 11.2 702.8 9.2
669.90 .89 9.3 792.5 14.9
642.18 .85 9.3 821.5 14.4
446.60 .76 11.9 675.1 7.8
311.00 .66 14.9 577.7 4.3
589.82 .82 9.7 798.1 12.6
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-120*
Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in.O) (ft/lb)

636.02 .95 10.5 682.0 12.6
518.98 .83 11.2 682.1 9.6
914.76 1.50 11.5 496.6 16.5
971.74 1.24 8.9 707.6 22.7
793.10 1.09 9.6 694.4 17.1
355.74 .69 13.5 626.1 5.5
318.78 .85 18.6 407.5 3.6
780.78 1.14 10.2 641.2 15.9

1110.34 1.32 8.3 735.3 27.8
494.34 .98 13.9 510.6 7.4

1353.66 1.73 9.0 594.2 31.4
463.54 .91 13.8 532.4 7.0

1107.26 1.79 11.3 463.3 20.4
709.94 1.32 13.0 467.7 11.3

1021.02 1.29 8.9 695.3 24.0
930.16 1.41 10.6 553.2 18.2
885.50 1.29 10.2 60.12 18.0
876.26 1.70 13.6 396.4 13.4

1646.26 2.47 10.5 423.2 32.6
1096.48 1.56 10.0 563.2 22.9

694.54 1.29 13.0 475.3 11.1
896.28 1.42 11.1 527.5 16.8
900.90 1.43 11.1 528.4 16.9

2927.54 2.69 6.4 664.1 94.7
1466.08 2.01 9.6 516.4 31.9
2758.14 2.62 6.7 649.5 86.2
1570.80 2.13 9.5 505.5 34.4
1966.58 2.19 7.8 607.9 52.5
859.32 1.31 10.7 572.2 16.7
372.68 .56 10.4 900.7 7.4
358.82 .57 11.2 828.8 6.7
343.42 .57 11.7 789.8 6.1
352.66 .57 11.4 812.7 6.4

Total number of fragments = 112

Average ballistic density for all fragments 652.7

Average gamma for all fragments w 10.630

Number of hazardous fragments in zone = 12
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,1

Fragment Weight Vresented Ar~a Dara
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-1050

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

2602.6 2.1 5.7 851.2 95.5
3049.2 2.1 4.8 1005.6 131.9
2413.2 2.3 6.7 685.4 74.8
3907.0 3.7 6.7 542.1 121.6
3555.9 3.0 5.9 684.3 125.2
3024.6 2.0 4.7 1043.2 133.7
3802.3 2.3 4.2 1108.1 188.8
3200,1 3.0 6.5 618.1 101.7
2450.1 2.6 7.5 572.4 67.7
2126.7 2.3 7.7 593.6 57.4
7279.6 5.5 5.3 569.2 287.9
2638.0 3.6 9.5 392.3 58.0
2758.1 3,3 8.5 450.6 67.6
7760.1 5.3 4.8 628.1 334.8
3243.2 4.0 8.6 407.9 78.5

20745.3 14.4 4.9 378.8 886.7
17911.7 11.5 4.5 459.3 829.0
6588.1 12.1 12.8 156.9 106.8
13974.0 7.8 3.9 637.8 741.0
6435.7 6.8 7.4 365.9 182.0

42088.2 24.5 4.1 347.1 2148.4
7336.6 5.4 5.1 590.5 298.2
3793.0 6.1 2.1.3 250.9 69.9

44321.2 23.1 3.6 400.3 2531.4
19042.1 )1.0 4.0 525.4 983.9
13293.3 9.5 5.0 451.8 551.0
2442.4 2.6 7.4 591.4 68.9
3040.0 2.9 6.6 628.2 96.0
879.3 1.1 9.0 728.3 20.3

1820.3 1.9 7,1 722.2 53.2
1695.5 1.7 7.0 771.0 50.5
1643.2 1.5 6.6 859.7 52.1
997.9 1.1 7.4 917.8 28.0

1213.5 1.4 8.3 698.9 30.3
563.6 .9 11.7 615.6 10.0
512.8 1.1 14.6 461.7 7.3
497.4 .9 12.0 630.5 8.6

1074.9 1.2 8.0 794.5 28.1
2105.2 1.8 6.1 842.3 71.5

580.6 1.2 14.0 462.1 8.6
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* Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-180°

Polar Zone 90-1050
.(Continued)

Impact
Ballistic Kinetic

7ragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in.3) (ft/lb)

529.8 .9 11.5 651.1 9.6
489.7 1.0 13.9 510.3 7.3
443.5 .8 13.0 590.7 7.1
774.6 1.2 11.0 573.5 14.6
559.0 .9 11.1 665.4 10.4
345.0 .7 14.0 600.1 5.1

1033.3 1.2 7.8 831.5 27.4
572.9 .9 11.2 655.1 10.7
309.5 .6 14.2 621.7 4.5
651.4 .8 9.1 831.4 14.8
539.0 .9 11.3 662.5 9.9
478.9 .8 11.1 720.2 8.9
397.3 .6 11.0 803.3 7.5
386.5 .6 11.2 798.4 7.2
346.5 .7 13.4 639.7 5.4

1093.4 1.1 7.1 934.3 32.0
418.9 .3 13.5 579.1 6.5
392.7 .8 15.0 509.6 5.5
311.1 .7 15.4 549.2 4.2
882.4 1.1 8.4 816.2 22.0
594.4 .9 11.1 648.4 11.1
563.6 .8 9.7 821.9 12.1
314.2 .6 13.8 641.4 4.7
434.3 .8 12.9 607.5 7.0
423.5 .7 12.3 659.3 7.2
392.7 .7 13.0 631.8 6.3
620.6 .9 10.4 701.1 12.4
383.5 .7 12.1 712.9 6.6

2220.7 2.3 7.3 627.8 63.1
1501.5 1.8 8.6 602.9 36.5
1449.1 1,7 8.4 629.0 35.8
851.6 1.4 11.6 507.4 15.3
742.3 1.1 10.3 652.3 15.0

1047.2 1.3 8.4 746.8 26.0
1233.5 1.2 6.5 996.7 39.2
890.1 1.1 9.0 724.8 20.5
542.1 1.0 13.3 520.3 8.5
494.3 1.0 13.9 509.3 7.4
366.5 .9 16.7 448.8 4.6
11.1 .7 16.7 486.9 3.9
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800

Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (grin.3 ) (ft/lb)

1002.5 1.3 8.9 696.3 23.4
777.7 1.3 11.6 531.5 13.9
426.6 .8 13.0 604.5 6.8
973.3 1.2 8.4 764.7 24.0
888.6 1-3 10.0 618.0 18.4
568.3 1.0 12.5 553.2 9.4
426.6 .8 12.5 639.1 7.1
988.7 1.2 8.3 782.1 24.8
380.4 .7 12.1 712.7 6.5
355.7 .6 11.9 757.9 6.2
308.0 .6 12.9 716.4 4.9
321.9 .6 13.1 692.4 5.1
408.1 .7 12.7 641.2 6.7
845.3 1.0 8.2 850.1 21.3
525.1 .9 11.6 647.6 9.4
474.3 .8 11.4 696.2 8.6
471.1 .8 12.5 612.3 7.9
363.4 .9 16.4 461.3 4.6
622.2 1.0 10.9 649.9 11,8

j820.8 7.6 983.5 22.6
4 341.9 .8 16.8 460.7 4.2

583.7 1.0 12.0 582.8 1•.1
388.1 .8 13.8 582.5 5.9

.53.5 1.1 14.6 451.2 7.6
375.8 .8 14.1 571.9 5.0
446.6 , 14.0 527.5 5.6
335.7 .8 16.3 485.9 4.3
565.1 1.1 15.2 432.5 7.4
360.4 .7 12.7 683.4 5.9
340.3 .7 15.3 531.9 4.3
318-8 .6 13.8 642.8 4.8
392.7 .8 14.9 515.4 5.5
602.1 .9 l..a 7M.3 12.3
331.1 .7 13.9 620.3 5.0

S2P.6 .6 12.4 739.7 5..,
768.5 1.0 8.9 798.5 Il. :

. 525.1 .9 12.3 593.1 .9
429.i" 8 12.5 636.3 ".1
409.6 .7 12.5 651.6 6.8
369.6 .6 ik./ 758.6 6.6
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Fragment Weight Prebented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (9r) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

377.3 .7 13.1 635.9 6.0
311.1 .6 14.2 619.7 4.6
539.0 .8 9.8 827.4 11.5
614.5 1.1 12.1 562.2 10.6

1538.5 1.7 7.6 708.3 41.9
696.1 1.1 11.3 582.0 12.8
893.2 1.6 12.6 437.8 14.7
616.0 1.0 11.2 633.4 11.5
580.6 1.0 12.3 561.3 9.8
352.-1 .9 17.7 419.3 4.1
623.7 1.4 15.7 375.9 8.2
705.3 1.3 12.5 496.0 11.7
632.9 1.0 11.0 638.8 12.0
976.4 1.4 10.3 563.3 19.6
974.8 1.4 10.1 580.6 20.0
871.6 1.1 8.7 773.2 20.8
314.2 .8 17.8 440.2 3.7
591.4 1.0 11.4 626.6 10.8
843.9 1.2 10.2 621.8 17.3

1110.3 1.3 7.9 789.9 29.2
592.9 1.1 12.9 521.7 9.6
417.3 1.0 16.5 429.6 5.3
785.4 1.3 11.2 560.8 14.6
366.5 .9 16.3 465.7 4.7
751.5 1.3 12.0 515.7 13.1
529.8 1.0 12.8 558.7 8.6
702.2 1.2 11.6 556.1 12.5
699.2 1.1 11.1 595.4 13.0
623.7 .9 10.0 736.7 12.9
520.5 .9 11.9 621.9 9.1
S09.7 .7 10.2 798.7 10.4
405.0 .7 12.7 641.3 6.6
355.7 .6 12.3 723.2 6.0
569.8 .8 10.1 762.9 11.7
472.8 .9 13.2 561.8 7.5
495.9 .8 11.2 702.8 9.2
669.9 .9 9.3 792.5 14.9
642.2 .8 9.3 821.5 14.4
446.6 .8 11.9 675.1 7.8
311.1 .7 14.9 577.7 4.3
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Fragment Weight Presented Area Data

Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

589.8 .8 9.7 798.1 12.6
636.0 1.0 10.5 682.0 12.6
519.0 .8 11.2 682.1 9.6
914.8 1.5 11.5 496.6 16.5

1852.6 2.1 8.1 595.3 47.8
1720.2 2.0 8.3 595.8 43.4
2148.3 2.5 8.0 555.5 55.7

557.5 1.4 17.2 347.7 6.7
1278.2 1.8 9.9 524.4 26.8

823.9 1.5 12.8 446.0 13.4
1751.0 2.3 9.1 507.1 39.9

1025.6 1.9 12.7 404.6 16.8
2097.5 1.9 6.5 779.5 67.6
971.7 1.2 8.9 707.6 22.7
793.1 1.1 9.6 694.4 17.1,
355.7 .7 13.5 626.1 5.5
318.8 .8 18.6 407.5 3.6
780.8 1.1 10.2 641.2 15.9

1110.3 1.3 8.3 735.3 27.8
494.3 1.0 13.9 510.6 7.4

1353.7 1.7 9.0 594.2 31.4
463.5 .9 13.8 532.4 7.0

1107.3 1.8 11.3 463.3 20.4
709.9 1.3 13.0 467.7 11.3

1021.0 1.3 8.9 695.3 24.0
463.5 .9 13.4 557.3 7.2
309.5 .8 19.2 396.9 3.4

1054.9 1.3 8.7 705.2 25.3
1208.9 1.7 9.6 566.7 26.2
1044.1 1.6 10.9 505.2 20.0
611.4 1.2 13.2 492.3 9.6
817.7 1.2 10.4 612.0 16.4
486.6 .9 13.3 545,.7 7.6

1587.7 1.8 7.9 662.5 41.8
1001.1 1.6 10.5 528.4 21.0

328.0 .8 16.7 472.6 4.1
569.8 1.1 13.5 495.8 8.8
771.5 1.2 11.0 574.1 14.5
825.4 1.2 10.2 628.4 16.9
625.2 1.0 11.5 603.4 11.3

B-58
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-105°

(Continued)

Impact

Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in.3 ) (ft/lb)

494.3 1.0 13.7 518.3 7.5
381.9 .8 13.9 575.2 5.7
967.1 1.3 9.3 659.7 21.5

1208.9 1.4 8.1 728.8 31.0
1264.3 1.5 8.4 676.4 31.3
1090.3 1.4 9.1 648.7 25.0
1252.0 1.5 8.7 649.9 30.1
673.0 1.0 10.6 655.3 13.2

1971.2 2.6 9.1 477.2 44.8
2453.2 3.1 8.8 452.5 57.9
1690.9 2.5 10.3 428.1 34.0

* 1878.8 2.7 10.0 425.9 39.0
930.2 1.4 10.6 553.2 18.2
885.5 1.3 10.2 601.2 18.0
876.3 1.7 13.6 396.4 13.4

1646.3 2.5 10.5 423.2 32.6
1096.5 1.6 10.0 563.2 22.9
457.4 1.4 21.0 285.2 4.5

"1960.4 1.9 6.9 733.0 59.3
694.5 1.3 13.0 475.3 11.1
896.3 1.4 11.1 527.5 16.8
900.9 1.4 11.1 528.4 16.9
608.3 1.2 13.3 487.7 9.5
557.5 1.3 16.1 384.3 7.2

1252.0 1.5 8.2 703.3 31.7
1093.4 1.4 9.3 627A 24.5
1552.3 2.0 9.1 542.8 35.5

A 1566.2 2.3 10.2 455.1 32.0
1570.8 2.2 9.9 474.4 33.0
1165.8 2.0 12.3 397.7 19.7

777.7 1.1 9.5 722.7 17.1
1004.1 1.8 12.9 399.7 16.2
1663.2 2.2 9.2 515.4 37.6I 2927.5 2.7 6.4 664.1 94.7
1466.1 2.0 9.6 516.4 31.9
2071.3 2.4 8.2 548.8 52.6
1062.6 1.7 11.3 471.5 19.5
2758.1 2.6 6.7 649.5 86.2
1570.8 2.1 9.5 505.5 34.4
1966.6 2.2 7.8 607.9 52.5

*•1[



Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in.) (in.2/lb) (gr/in.3) (ft/3.b)

908.6 1.4 10.4 576.6 18.1
859.3 1.3 10.7 572.2 16.7
432.7 .6 10.3 850.7 8.7
401.9 .8 13.1 617.3 6.4
616.0 .8 8.6 928.8 14.8
506.7 .8 11.5 670.1 9.2

381.9 .8 14.2 559.9 5.6

~1374.2 .7 12.4 697.2 6.3
320.3 .7 15.9 518.1 4.2
511.3 .9 12.9 557.2 8.2
349.6 .6 12.5 708.8 5.8
509.7 .9 12.3 601.7 8.6
438.9 .9 14.5 508.5 6.3
337.3 .6 13.1 672.2 5.4
329.6 .5 10.5 942.1 6.5
372.7 .6 10.4 900.7 7.4
358.8 .6 11.2 828.8 6.7
343.4 .6 11.7 789.8 6.1
352.7 .6 11.4 812.7 6.4
378.8 .6 11.4 784.1 6.9
317.2 .5 11.7 821.4 5.6
311.1 .5 10.8 931.0 6.0

1897.3 2.2 8.1 587.2 48.9
947.1 1.8 13.5 384.4 14.6

1014.9 1.5 10.1 575.2 21.0
699.2 1.3 12.7 486.8 11.4
1526.1 1.9 8.7 581.0 36.4
1609.3 1.9 8.2 619.4 40.7

,j850.1 1.2 9.8 650.7 18.0
696.1 1.0 10.2 676.6 14.1
1131.9 1.3 7.9 783.1 29.8
862.4 1.1 9.1 727.4 19.7
629.9 1.1 11.9 567.8 11.0
612.9 .1.0 11.6 595.0 10.9
442.0 .8 12.8 609.0 7.2
452.8 1.0 14.8 485.3 6.4
847.0 1.1 9.2 725.8 19.2
1068.8 1.4 9.0 665.5 24.8
352.7 .8 16.1 482.6 4.6
332.6 .7 15.0 551.2 4.6
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Fragment Weight Presented Area Data
Test No, QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 90-1051

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wto (gr) Area (in. 2 ) (in.2/lb) (gr/in.3 ) (ft/lb)

1054.9 1.3 8.4 742.6 26.2
495.9 .9 12.2 617.3 8.5

1162.7 1.3 8.1 749.5 30.0
1586.2 1.8 7.8 678.8 42.5
1553.9 2.5 11.1 400.1 29.0
1980.4 2.1 7.3 670.5 56.6
1350.6 1.7 8.9 596.1 31.4
1957.3 2.2 7.8 612.4 52.5

619.1 .9 9.9 757.0 13.0
546.7 .9 12.1 597.7 9.4
369.6 .7 13.2 634.5 5.8
800.8 1.0 8.9 780.1 18.7
332.6 .6 12.5 726.2 5.5
813.1 1.0 8.9 776.1 19.0
555.9 1.0 12.3 576.7 9.4
392.7 .8 13.4 602.9 6.1
"502.0 .7 10.0 823.0 10.4
397.3 .7 11.6 739.1 7.1
871.6 1.0 8.3 830.5 21.9
405.0 .7 12.0 696.1 7.0
354.2 .6 12.6 698.9 5.9
526.7 1.0 12.8 556.2 8.5
366.5 .7 13.2 637.3 5.8
463.5 .7 10.6 791.7 9.1
408.1 .8 13.3 595.0 6.4
314.2 .7 14.6 595.2 4.5
361.9 .6 12.4 705.7 6.1
317.2 .7 15.1 561.2 4.4
651.4 .9 9.2 823.3 14.7
711.5 .9 9.3 772.9 15.9
381.9 .7 11.9 726.2 6.7
803.9 1.1 9.6 699.0 17.5
360.4 .7 13.1 654.0 5.7
811.6 1.0 8.7 800.3 19.4
780.8 1.0 9.1 765.3 17.9
328.0 .5 11.7 811.3 5.8

Total number of fragments = 316

Average ballistic density for all fragments 623.0

Average gamma for all fragments 10.909

Number of hazardous fragments in zone = 33
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Fragment Weight Presented Area Data

Test No. QD-155-SC1 2

Azimuthal Zone 0-180O
Polar Zone 105-120'

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy

wt. (gr) Area (in. 2) (in. 2 /lb) (grin' 3 )

S369.E .7 13.8 595.1 5.6
465.1 .7 10.2 835.0 9.5

569.8 .7 8.5 989.2 13.9

699.2 1.0 10.5 653.3 13.9

448.1 .6 10.1 865.2 9.3

614.5 .9 9.7 778.7 13.1

318.8 .5 11.1 892.0 6.0

324.9 .5 11.6 826.5 5.8

452.8 .7 11.0 755.2 8.6

458.9 .7 11.3 715.6 8.4

489.7 .8 10.9 737.9 9.4

345.0 .6 12.0 756.5 6.0

383.5 .7 12.9 649.1 6.2

526.7 .8 10.3 776,1 10.7

653.0 .9 9.2 822.3 14.8

454.3 .7 10.9 758.8 8.6

522.1 .7 9.9 818.0 10.9

974.8 1.0 7.4 931.7 27.4

309.5 .6 13.0 710.1 5.0

323.4 .6 12.1 778.3 5.6

371.1 .7 12.7 667.9 6.1

440.4 .8 12.3 647.3 7.5

617.5 .9 9.9 760.3 13.0

1044.1 1.3 8.9 681.4 24.4

531.3 .7 9.9 821.4 11.2

548.2 .8 9.8 812,5 11.6

318.8 .6 14.1 620.5 4.7

358.8 .5 10.6 902.0 7.1

519.0 .7 10.0 813.4 10.8

754.4 1.0 9.8 694.5 15.7

617.5 .9 10.3 710.2 12.4

391.2 .6 11.2 791.4 7.3

394.2 .6 10.7 846.5 7.7

434.3 .7 11.7 703.7 7.7

651.4 1.2 12.4 522.4 10.9

"791.6 1.0 9.2 750.4 18.0

526.7 .9 12.5 576.3 8.8

599.1 .9 10.1 750.1 12.4

341.9 .6 11.7 795.8 6.1

617.5 .7 8.3 980.8 15.4
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 105-120°

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

318.8 .6 12.4 751.1 5.3
443.5 .7 10.5 812.9 8.8
372.7 .8 14.6 543.7 5.3
338.8 .5 10.5 940.9 6.7
563.6 .8 9.5 845.7 12.4

1041.0 1.3 8.5 738.9 25.6
237.2 .5 14.5 687.5 3.4
537.5 .8 11.0 689.1 10.1
385.0 .6 11.1 803.3 7.2
420.4 .7 11.8 703.7 7.4
475.9 .8 11.9 655.4 8.3
485.1 .9 13.2 557.3 7.7
512.8 .8 11.2 687.7 9.5
323.4 .5 11.6 820.6 5.8
338.8 .6 12.9 688.6 5.5
455.8 .8 11.7 688.7 8.1
"783.9 1.0 9.1 766.5 18.0
317.2 .5 10.8 931.6 6.1
440.4 .7 10.9 774.2 8.4
465.1 .7 10.7 773.6 9.0
352.7 .7 13.3 642.6 5.5
365.0 .7 13.5 621.0 5.6
389.6 .6 11.4 774.4 7.1
400.4 .7 11.5 746.0 7.2
405.0 .7 12.9 628.2 6.5
438.9 .8 12.6 627.8 7.39...m 443.5 .6 9.4 967.1 9.8

591.4 .9 10.7 750.9 12.2• 597.5 a, 9.9 765.4 12.5
5 318.8 .7 14.4 577.7 4.5•: 677.6 1.0 10.6 654.7 13.3

•,309.5 .7 15.2 562.1 4.2
134.6 .7 14.8 552.2 4.9

372.7 .7 18.7 698.0 6.1
S392.7 .7 13.3 606.5 6.1i••397.3 .7 11.8 723.8 7.0
432.7 .7 10.7 805.6 8.4

S505.1 .9 12.4 596.8 8.5
.. .. 514.4 .9 12.9 559.9 8.3

•!582.1 .7 8.4 990.4 14.4

B-63
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 105-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

312.6 .7 16.4 497.3 4.0
338.8 .7 13.5 644.4 5.2
343.4 .7 14.3 582.3 5.0
514.4 .7 10.0 811.0 10.6
489.7 1.0 14.0 503.9 7.3
522.1 1.0 13.0 548.4 8.4
528.2 1.0 12.9 549.4 8.5
489.7 .9 12.8 580.5 8.0
991.8 1.3 9.2 664.8 22.4
687.9 1.1 10.0 657,1 16.3
386.5 .8 14.5 537.7 5.5
676.1 1.1 11.0 616.6 12.8

1054.9 1.3 8.6 720.7 25.6
1033.3 1.2 8.3 762.0 25.9
1008.7 1.3 9.1 667.6 23.0
189.4 1.4 52.2 112.8 .8
813.1 1.3 1..4 533.9 14.8
956.3 1.3 9.5 647.1 20.9
415.8 .7 12.5 649.3 6.9
417.3 .7 11.2 761.4 7.7
805.5 1.0 9.0 760.8 18.7
392.7 .9 15.6 479.4 5.2
962.5 1.2 9.1 690.2 22.1

1001.0 1.2 8.6 73.1.4 24.2
632.9 1.2 13.3 482.1 9.9
696.1 1.0 10.3 669.4 14.0
779.2 1.3 11.9 513.2 13.7
559.0 1.0 12.5 561.3 9.3
592.9 1.0 11.6 607.5 10.6
928.6 1.2 9.1 699.1 21.2

1064.1 1.4 9.3 631.7 23.8
705.3 1.2 11.5 564.6 12.7
930.2 1.3 10.0 603.2 19.3
480.5 1.0 14.1 504.4 7.1
743.8 1.1 10.0 675.4 15.4

1252.0 1.5 8.2 710.9 31.9
1635.5 1.4 6.0 978.6 56.4
1523.1 1.9 8.7 585.4 36.4
2601.1 2.0 5.4 919.6 100.5
6976.2 4.3 4.3 796.2 340.3
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Fragment Weight Presented Area Data
Test No. QD-155-SC12
Azimuthal Zone 0-1800
Polar Zone 105-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

7007.0 3.8 3.8 933.6 380.6
5106.6 3.4 4.6 832.9 231.3
1185.8 1.3 7.7 800.0 32.1
1464.5 1.8 8.5 619.3 35.9
1650.9 1.9 7.8 656.1 43.8
1235.1 1.4 7.7 773.0 33.2
1305.9 1.3 6.9 898.3 39.5
6361.7 3.8 4.1 870.2 319.3
1550.8 1.4 6.5 895.9 49.6
1341.3 1.6 8.2 678.6 33.9
1464.5 1.8 8.4 632.6 36.4
1524.6 1.9 8.8 578.3 36.2
1734.0 2.1 8.5 569.8 42.5
2216.1 2.0 6.3 783.5 73.0
2899,8 2.2 5.3 893.7 114.0
3124.7 2.5 5.5 802.5 117.2
"1538.5 1.8 8.0 655.2 39.8
2189.9 2.1 6.7 723.9 68.1
3635.9 2.6 5.0 875.7 152.1
2328.5 2.1 6.4 751.7 75.8
2152.9 2.3 7.5 610.6 59.5
3175.5 3.0 6.7 603.6 99.1
6292.4 3.4 3.0 985.5 341.8
1087.2 1.5 9.6 596.8 23.5
1307.5 1.7 9.2 561.3 29.6
1447.6 1.7 8.3 643.6 36.3

Total number of fragments - 146

AvOrage ballistic donsity for all fragments 709.8

Average gamma for all fragmonts 10.655

Nudber of hazardous fragments in zono - 14

&i-65
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1200
Polar Zone i00-1050

Impact
Eballistic Kinetic

Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /ib) (tin.3 ) (tt/lb)

3802.26 2.28 4.2 1108.1 188.8
2638.02 3.56 9.5 892.3 58.0
2758.14 3.35 8.5 450.6 67.6
7760.06 5.34 4.8 628.1 334.8
3243.24 3.98 8.6 407.9 78.5
1820.28 1.85 7.1 722.2 53.2
"1695.54 1.69 7.0 771.0 50.5
1643.18 1.54 6.6 851,)7 52.1

997.92 1.06 7.4 917.8 28.0
497.42 .85 12.0 630.5 8.6

2105.18 1.84 6.1 842.3 71.5
580.58 1.16 14.0 462.1 8.6
529.76 .87 11.5 651.1 9.6
489.72 .97 13.9 510.3 7.3
443.52 .83 13.0 590.7 7.1

651.42 .85 9.1 831.4 14.8
539.00 .87 11.3 662.5 9.9
478.94 .76 11.1 720.2 8.9
397.32 .63 11.0 803.3 7.5

386.54 .62 11.2 798.1 7.2
346.50 .66 13.4 639.7 5.4

1093.40 1.11 7.1 934.3 32.0
418.80 .81 13.5 579.1 6.5
392.78 .04 1S.o S0q•.6 5.5
311.08 .60 15.4 549.2 .%.
882.42 1.05 8,4 816.2 22.0
434.2a .80 12.9 607.5 7.0
423.50 .74 12.3 659.3 7.2
392.70 .73 13.0 631.0 6.3

1449.14 1.74 8.4 62950 35.8
1002.54 1.20 1. £96.3 -2 3 .4

777.70 1.29 11.6 531.5 13.9
426.58 .79 13.0 604.5 6.8

973.28 1.17 8.4 764.7 240
A88.58 1.27 10.0 0 18.4
568.26 1.02 12.5 553.2 9.4
408.10 .74 12.7 641.2 6.7
699.16 1.11 11.1 S95.4 13.0
623.70 .89 10.0 736.7 12.9
520.52 .89 11.9 621.9 9.1



Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1200
Polar Zone 100-1050

(Continued)

Impact
Ballistic Kinetic

Fragrment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

509.74 .74 10.2 798.7 10.4
405.02 .74 12.7 641.3 6.6
355.74 .62 12.3 723.2 6.0
495.88 .79 11.2 702.8 9.2
589.82 .82 9.7 798.1 12.6
914.76 1.50 11.5 496.6 16.5
971.74 1.24 8.9 707.6 22.7
793.10 1.Cj9 9.6 694.4 17.1

1110.34 1.32 8.3 735.3 27.8
494.34 .98 13.9 510.6 7.4

1353.66 1.73 9.0 594.2 31.4473.54 .91 13.8 532.4 7.0
1021.02 1.29 8.9 695.3 24.0
1096.48 1.56 10.0 563.2 22.9
o94.54 1.29 13.0 475.3 i.
896.28 1.42 11.1 527.5 16.8
900.90 1.43 11.1 528.4 16.9

1466.08 2.01 9.6 516.4 31.9
2758.14 2.62 6.7 649.5 86.2
859.32 1.31 10.7 572.2 16.7
372.68 .56 10.4 900.7 7.4
358.82 .57 11.2 628.8 6.7
343.42 .57 11.7 789.8 6.1
352.66 .57 11.4 812.7 6.4

Total number of fragments = 64

Average ballistic dei..ity for all fragments 663.7

Average gamma for all fragments 10.536

Number of hazardous fragments in zone 7
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Fragment Weight Presented Area Data
Test No. QD-15 5-SC:2

(Interaction Fragment)
Azimuthal Zone 75-1201

Polar Zone 90-1050

"Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

3907.0 3.7 6.7 542.1 121.6

"3802.3 2.3 4.2 1108.1 188.8
2450.1 2. 6 7.5 572.4 67.7
7279.6 5.5 5.3 569.2 287.9
2638.0 3.6 9.5 392.3 58.0
2758.1 3.3 8.5 450.6 67.6
7760.1 5.3 4.8 628.1 334.8
3243.2 4.0 8.6 407.9 78.5
879.3 1.1 9.0 728.3 20.3

1820.3 1.9 7.1 722.2 53.2
1695.5 1.7 7.0 771.0 50.5
1643.2 1.5 6.6 859.7 52.1
997.9 1.1 7.4 917.8 28.0

1213.5 1.4 8.3 698.9 30.3
563.6 .9 11.7 615.6 10.0
512.8 1.1 14.6 461.7 7.3
497.4 .9 12.0 630.5 8.6

1074.9 1.2 8.0 794.5 28.1
2105.2 1.8 6.1 842.3 71.5

580.6 1.2 14.0 462.1 8.6
529.8 .9 11.5 651.1 9.6
489.7 1.0 13.9 510.3 7.3
443.5 .8 13.0 590.7 7.1
774.6 1.2 11.0 573.5 14.6
559.0 .9 11.1 665.4 10.4
345.0 .7 14.0 600.1 5.1

1033.3 1.2 7.8 811.5 27.4
651.4 .8 9.1 831.4 14.8
539.0 .9 11.3 662.5 9.9
47E.9 .8 11.1 720.2 8.9
397.3 .6 11.0 803.3 7.5
386.5 .6 11.2 798.1 7.2

346.5 .7 13.4 639.7 5.4
1093.4 1.1 7.1 934.3 32.0
418.9 .8 13.5 5"19.1 6.5
392.7 .8 15.0 509.6 5.5
"311.1 .7 15.4 549.2 4.2
082.4 1.1 8.4 816.2 22.0
594.4 .9 11.1 648.4 11.1
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

if, ( Interaction Fragment)

Azimuthal Zone 75-120o
Polar Zone 90-1050

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in.3) (ft/lb)

563.6 .8 9.7 821.9 12.1
314.2 .6 13.8 641.4 4.7
434.3 .8 12.9 607.5 7.8
423.5 .7 12.3 659.3 7.2
392.7 .7 13.0 631.8 6.3
620.6 .9 10.4 701.1 12.4
383.5 .7 12.1 712.9 6.6

2220.7 2.3 7.3 627.8 63.1
1501.5 1.8 8.6 602.9 36.5
1449.1 1.7 8.4 629.0 35.8
851.6 1.4 11.6 507.4 15.3

1002.5 1.3 8.9 696.3 23.4
1 777.7 1.3 11.6 531.5 13.9

426.6 .8 13.0 604.5 6.8
973.3 1.2 8.4 764.7 24.0
888.6 1.3 10.0 618.0 18.4
568.3 1.0 12.5 553.2 9.4
426.6 .8 12.5 639.1 7.1
986.7 1.2 8.3 782.1 24.8
380.4 .7 12.1 712.7 6.5
355.7 .6 11.9 757.9 6.2
308.0 .6 12.9 716.4 4.9
321.9 .6 13.1 692.4 5.1
408.1 .7 12.1 641.2 6.7
845.5 1.0 8.2 850.1 21.3
525.1 .9 11.6 647.6 9.4
699.2 1.1 11.1 595.4 13.0
623.7 .9 10.0 736.7 12.9
520.5 .9 11.9 021.9 9.1
509.7 .7 10.2 798.7 10.4

A 405.0 .7 12.7 641.3 6.
355.7 .6 12.3 723.2 6.0
569.8 .8 10.1 762.9 11.7
"472.8 .9 13.2 561.8 7.5
495.9 .8 11.2 702.8 9.2
669.9 .9 9.3 792.5 14.9
642.2 .8 9.3 821.5 14.4
446.6 .8 11.9 675.1 7.8
311.1 .7 14.9 577.7 4.3

i 'I
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

(Interaction Fragment)
Azimuthal Zone 75-1200

Polar Zone 90-1050
(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

589.8 .8 9.7 798.1 12.6
636.0 1.0 10.5 682.0 12.6
519.0 .8 11.2 682.1 9.6
914.8 1.5 11.5 496.6 16.5
971.7 1.2 8.9 707.6 22.7
793.1 1.1 9.6 694.4 17.1
355.7 .7 13.5 626.1 5.5
318.8 .8 18.6 407.5 3.6
780.8 1.1 10.2 641.2 15.9

1110.3 1.3 8.3 735.3 27.8
494.3 1.0 13.9 510.6 7.4

1353.7 1.7 9.0 594.2 31.4
463.5 .9 13.8 532.4 7.0

1107.3 1.8 11.3 463.3 20.4
709.9 1.3 13.0 467.7 11.3

1021.0 1.3 8.9 695.3 24.0
930.2 1.4 10.6 553.2 18.2

885.5 1.3 10.2 601.2 18.0
876.3 1.7 13.6 396.4 13.4

1646.3 2.5 10.5 423.2 32.6
1096.5 1.6 10.0 563.2 22.9

694.5 1.3 13.0 475.3 11.1
896.3 1.4 11.1 527.5 16.8
900.9 1.4 11.1 528.4 16.9

2927.5 2.7 6.4 664.1 94.7
1466.1 2.0 9.6 516.4 31.9
2758.1 2.6 6.7 649.5 86.2
1570.8 2.1 9.5 505.5 34.4
1966.6 2.2 7.8 607.9 52.5

859.3 1.3 10.7 572.2 16.7
372.7 .6 10.4 900.7 7.4
358.8 .6 11.2 828.8 6.7
343.4 .6 11.7 789.8 6.1
352.7 .6 11.4 812.7 6.4

Total number of fragments 112

Average ballistic density for all fragments 652,7

Average gamma for all fragments = 10.630

Number of hazardous fragments in zone 12
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Fragment Weight Presented Area Data
I Test No. QD-155-SC12

Azimuthal Zone 75-1200

Polar Zone 60-1200

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

591.36 .88 10.5 712.7 11.8
338.80 .51 10.5 941.3 6.7
348.04 .63 12.7 697.7 5.7
435.82 .77 12.4 645.0 7.3
790.02 1.14 10.1 649.1 16.3

C 797.72 1.06 9.3 731.0 17.8
344.96 .66 13.5 637.6 5.3
845.46 1.10 9.1 732.8 19.3
968.66 1.24 9.0 701.5 22.5
364.98 .56 10.6 882.7 7.1
388.08 .61 11.1 806.6 7.3
408.10 .75 12.8 632.1 6.6
465.08 .75 11.2 720.4 8.6
522.06 .72 9.7 854.5 11.2
526.68 .90 12.0 616.9 9.2
563.64 .85 10.5 723.1 11.1
321.86 .54 11.7 815.6 5.7
328.02 .52 11.2 867.3 6.1
371.14 .66 12.4 696.9 6.2
357.28 .60 11.7 776.5 6.4
746.90 .83 7.8 984.2 19.9
868.56 .96 7.7 922.0 23.3
332.64 .62 13.0 683.0 5.3

406.56 .69 11.8 715.5 7.2
448.14 .77 12.0 664.5 7.8
482.02 .78 11.3 698.4 8.8
492.80 .78 11.1 718.1 9.3
366.52 .66 12.7 677.4 6.0
867.02 1.13 9.1 721.8 19.8
620.62 .89 10.1 736.7 12.8
867.02 1.13 9.1 721.8 19.8
375.76 .68 12.7 670.1 6.2
311.08 .47 10.5 981.1 6.2
383.46 .55 10.0 942.7 8.0
526.68 .72 9.6 863.9 11.5
311.08 .69 15.5 541.6 4.2
320.32 .59 12.9 705.0 5.2
368.86 .62 11.8 753.9 6.5
309.54 .55 12.4 763.0 5.2
334.18 .67 14.1 603.9 4.9
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1200
Polar Zone 60-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

371.14 .67 12.6 682.9 6.1
412.72 .85 14.3 530.4 6.0
374.22 .54 10.0 953.6 7.8
344.96 .63 12.8 686.6 5.6
315.70 .52 11.5 846.8 5.7
348.04 .66 13.2 652.1 5.5
363.44 .57 11.0 840.1 6.9
383.46 .79 14.5 542.0 5.5
417.34 .69 11.6 723.4 7.5
426.58 .68 11.2 757.4 7.9
441.98 .65 10.3 839.5 8.9

552.86 .95 12.0 601.8 8.6
585.20 .88 10.6 706.5 11.5
600.60 .78 9.0 878.6 13.8
691.46 .99 10.0 699.8 14.3
311.08 .57 12.8 721.0 5.0
617.54 1.02 11.6 599.5 11.1
321.86 .50 11.0 899.5 6.1
389.62 .62 11.1 798.1 7.3
417.34 .78 13.0 608.2 6.7
483.56 .70 10.2 822.1 9.9
488.18 .81 11.6 670.9 8.8
888.58 1.21 9.5 667.6 19.4
457.38 .89 13.5 549.4 7.0
702.24 1.10 11.0 608.7 13.3
688.38 .96 9.7 737.6 14.7
830.06 1.26 10.6 586.9 16.2
733.04 1.13 10.8 610.3 14.1
739.20 1.05 9.9 687.0 15.5
993.30 1.31 9.2 662.5 22.4
545.16 .90 11.6 638.5 9.8
"539.00 .95 12.3 584.0 9.1
562.10 1.01 12.6 553.8 9.3

2018.94 1.90 6.6 778.9 63.7
2025.10 1.87 6.5 791.9 65.2
2057.44 1.83 6.2 831.1 68.7
1347.50 1.50 7.8 733.5 36.0
2266.88 2.28 7.0 658.5 67.0
1361.36 1.20 6.2 1035.6 45.9
3269.42 2.18 4.7 1015.7 145.7
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-120*
Polar Zone 60-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in.1) (ft/ib)

1101.10 1.45 9.2 630.6 24.8
2810.50 4.64 11.6 281.2 50.6
1252.02 1.46 8.2 710.9 31.9
1635.48 1.41 6.0 978.6 56.4
1523.06 1.89 8.7 585.4 36.4
2601.06 2.00 5.4 919.6 100.5
6976.20 4.25 4.3 796.2 340.3
7007.00 3.83 3.8 933.6 380.6

'1 5106.64 3.35 4.6 832.9 231.3
1185.80 1.30 7.7 800.0 32,:i
1464.54 1.78 8.5 619.3 35.9
1650.88 1.85 7.8 656.1 43.8
1235.08 1.37 7.7 773.0 33.2
1305.92 1.28 6.9 898.3 39.5
6361.74 3.77 4.1 870.2 319.3
1550.78 1.44 6.5 895.9 49.6
"1341.34 1.58 8.2 678.6 33.9
1464.54 1.75 8.4 632.6 36.4
1524.60 1.91 8.8 578.3 36.2
1734.04 2.10 8.5 569.8 42.5
2216.06 2.00 6.3 783.5 73.0
2899.82 2.19 5.3 893.7 114,0
3124.66 2.48 5.5 802.5 117.2
1538.46 1.77 8.0 655.2 39.8
2189.88 2.09 6.7 723.9 68.1
3635.94 2.58 5.0 875.7 152.1
2328.48 2.13 6.4 751.7 75.8
2152.92 2.32 7.5 610.6 59.5
3175.48 3.03 6.7 603.6 99.1
6292.44 3.44 3.8 985.5 341.8
1087.24 1.49 9.6 596.8 23.5
1307.46 1.72 9.2 581.3 29.6
1447.60 1.72 8.3 643.6 36.3

369.60 .73 13.8 595.1 5.6
465.08 .68 10.2 835.0 9.5
569.80 .69 8.5 989.2 13.9
699.16 1.05 10.5 653.3 13.9
448.14 .64 10.1 865.2 9.3
614.46 .85 9.7 778.7 13.1
318.78 .50 11.1 892.0 6.0
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-120*
Polar Zone 60-120O

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (grin.3 ) (ft/lb)

324.94 .54 11.6 826.5 5.8
452.76 .71 11.0 755.2 8.6
458.92 .74 11.3 715.6 8.4
489.72 .76 10.9 737.9 9.4
344.96 .59 12.0 756.5 6.0
383.46 .70 12.9 649.1 6.2
526.68 .77 10.3 776.1 10.7
652.96 .86 9.2 822.3 14.8
454.30 .71 10.9 758.8 8.6
522.06 .74 9.9 818.0 10.9
974.82 1.03 7.4 931.7 27.4

& 309.54 .57 13.0 710.1 5.0
323.40 .56 12.1 778.3 5.6
371.14 .68 12.7 667.9 6.1
440.44 .77 12.3 647.3 7.5
617.54 .87 9.9 760.3 13.0

1044.12 1.33 8.9 681.4 24.4
531.30 .75 9.9 821.4 11.2
548.24 .77 9.8 812.5 11.6
318.78 .64 14.1 620.5 4.7
358.82 .54 10.6 902.0 7.1
518.98 .74 10.0 813.4 10.8
745.36 1.05 9.8 694.5 15.7
617.54 .91 10.3 710.2 12.4
391.16 .63 11.2 791.4 7.3
394.24 .60 10.7 846.5 7.7
434.28 .72 11.7 703.7 7.7

1 651.42 1.16 12.4 522.4 10.9
791.56 1.04 9.2 750.4 18.0

V. 526.68 .94 12.5 576.3 8.8
599.06 .86 10.1 750.1 12.4
341.88 .57 11.7 795.8 6.1
617.54 .73 8.3 980.8 15.4

S318.78 .56 12.4 751.1 5.3
443.52 .67 10.5 812.9 8.8
372.68 .78 14.6 543.7 5.3
338.80 .51 10.5 940.9 6.7
563.64 .76 9.5 845.7 12.4

1041.04 1.26 8.5 738.9 25.6
237.16 .49 14.5 687.5 3.4
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1201
* Polar Zone 60-120*

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
A Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in.3 ) (ft/lb)

A 537.46 .85 11.0 689.1 10.1

385.00 .61 11.1 803.3 7.2
420.42 .71 11.8 703.7 7.4
475.86 .81 11.9 655.4 8.3
485.10 .91 13.2 557.3 7.7
512.82 .82 11.2 687.7 9.5
323.40 .54 11.6 820.6 5.8
338.80 .62 12.9 688.6 5.5
455.84 .76 11.7 688.7 8.1
783.86 1.01 9.1 766.5 18.0
317.24 .49 10.8 931.6 6.1
440.44 .69 10.9 774.2 8.4
465.08 .71 10.7 773.6 9.0
352.66 .67 13.3 642.6 5.5
364.98 .70 13.5 621.0 5.6
389.62 .63 11.4 774.4 7.1
400.40 .66 11.5 746.0 7.2
405.02 .75 12.9 628.2 6.5
438.90 .79 12.6 627.8 7.3
443.52 .59 9.4 967.1 9.8
591.36 .85 10.1 750.9 12.2
597.52 .85 9.9 765.4 12.5
318.78 .67 14.8 577.7 4.5
677.60 1.02 10.6 654.7 13.3
309.54 .67 15.2 562.1 4.2
349.58 .74 14.8 552.2 4.9
372.68 .68 12,7 668.0 6.1
392.70 .75 13.3 606.5 6.1
397.32 .67 11.8 723.8 7.0
432.74 .66 10.7 805.6 8.4
505.12 .89 12.4 596.8 8.5
514.36 .95 12.9 559.9 8.3
582.12 .70 8.4 990.4 14.4
312.62 .73 16.4 497.3 4.0
338.80 .65 13.5 644.4 5.2
343.42 .70 14.3 582.3 5.0
514.36 .74 10.0 811.0 10.6
489.72 .98 14.0 503.9 7.3
522.06 .97 13.0 548.4 8.4
528.22 .97 12.9 549.4 8.5
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Fragment Weight Presented Area Data
Test No. QD-155-SC12

Azimuthal Zone 75-1200
Polar Zone 60-1200

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

489.72 .89 12.8 580.4 8.0
991.76 1.31 9.2 664.8 22.4
786.94 1.13 10.0 657.1 16.3
386.54 .80 14.5 537.7 5.5
676.06 1.06 11.0 616.6 12.8

1054.90 1.29 8.6 720.7 25.6
1033.34 1.23 8.3 762.0 25.9
1008.70 1.32 9.1 667.6 23.0
189.42 1.41 52.2 112.8 .8
813.12 1.32 11.4 533.9 14.8
956.34 1.30 9.5 647.1 20.9
415.80 .74 12.5 649.3 6.9
417.34 .67 11.2 761.4 7.7
808.50 1.04 9.0 760.8 18.7
392.70 .88 15.6 479.4 5.2
962.50 1.25 9.1 690.2 22.1

1001.00 1.23 8.6 731.4 24.2
632.94 1.20 13.3 482.1 9.9
696.08 1.03 10.3 669.4 14.0
779.24 1.32 11.9 513.2 13.7
"559.02 1.00 12.5 561.3 9.3
928.62 1.21 9.1 699.1 21.2

1064.14 1.42 9.3 631.7 23.8
705.32 1.16 11.5 564.6 12.7
930.16 1.33 10.0 603.2 19.3
480.48 .97 14.1 504.4 7.1
743.82 1.07 10.0 675.4 15.4

Total number of fragments • 228

Average ballistic density for all fragments 716.0

Average gamma for all fragments = 10.725

Number of hazardous fragments in zone 19
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Fragment Hole Count Data
Test No. QD-155-SC12

Number of Fragment
Holes in 22-Gauge

Azimuthal Witness Panels
Zone (0) per Polar Zone (0)

180 - 190 342
190 - 200 61

200 - 210 31
210 - 220 28
220 - 230 155
230 - 240 369
240 - 250 392
250 - 260 377
260 - 270 269
270 - 280 135
280 - 290 108

290 - 300 85
300 - 310 144
310 - 320 194
320 - 330 178

330 - 340 126
S340 - 350 53

350- 360 55

ij

B1
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* In

FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

Location: White Sands Missile Range, NM

Date: 8 August 1979

Collection Zone: Azimuth: 3600
Range: 500 to 2700 £t

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/i. ) (ft/lb)

4524.52 2.85 4.4 940.4 213.4
1047.20 1.47 9.8 589.6 22.2

27750.80 11.58 2.9 704.7 1976.9
3538.92 3.35 6.6 577.2 111.1
1607.76 2.00 8.7 568.4 38.4
3870.02 4.18 7.6 452.8 106.5
7002.38 6.25 6.2 448.2 233.1

44.66 .15 24.0 746.2 .4
2140.60 2.56 8.4 522.6 53.2
3629.78 3.10 6.0 665.0 126.3
3894.66 3.80 6.8 525.8 118.6
4938.78 4.54 6.4 510.5 159.6
5202.12 5.03 6.8 461.1 159.9
5562,48 5.00 6.3 497.5 183.9

10197.88 7.40 5.1 506.6 417.6
23352.56 13.35 4.0 478.8 1213.8

999.46 1.39 9.7 612.1 21.4
1041.04 1.36 9.2 654.7 23.6
2460.92 2.63 7.5 478.6 68.6
280.28 .54 13.5 702.5 4.3
364.98 .58 11.0 835.9 6.9
372.68 .65 12.2 711.0 6.3
411.18 .74 12.5 650.6 6.8
420.42 .64 In.7 R1A.6 8.2
497.42 .91 12.8 571.9 8.1
523.60 1.00 13.4 521.1 8.1
602.14 1.10 12.8 522.5 9.8
740.74 .91 8.6 857.9 18.0
891.66 1.31 10.3 592.9 18.0

1784.86 1.92 7.5 672.6 49.4
150.92 .34 15.8 756.5 2.0
246.40 .46 12.9 801.3 4.0
255.64 .49 13.4 744.4 4.0
260.26 .54 14.4 661.7 3.7
280.28 .61 15.2 593.1 3.8
292.60 .48 11.4 888.3 5.3
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FAR-FIELD FRAGMENT COLLECTION DATA

FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/ib)

360.36 .59 11.4 804.1 6.6
372.68 .84 15.7 487.8 4.9
432.74 .74 12.0 675.9 7.5
435.82 .74 12.0 677.8 7.6
466.62 .89 13.3 559.9 7.3
512.82 .80 10.9 721.6 9.8
565.18 1.08 13.3 506.7 8.8

S697.62 1.05 10.6 644.4 13.7
709.94 1.02 10.0 690.3 14.7
716.10 .85 8.3 912.7 17.9

811.58 1.46 12.6 459.0 13.4
868.56 1.19 9.6 671.1 18.9
903.98 1.31 10.2 601.1 18.5

1036.42 1.18 7.9 811.6 27.1
1316.70 2.03 10.8 454.1 25.3
1795.64 1.85 7.2 713.6 51.8
1855.70 1.47 5.5 1044.7 69.8
2356.20 1.81 5.4 968.9 91.2
2457.84 1.77 5.0 1046.7 101,6

101.64 .28 19.2 689.9 1.1
161.70 .38 16.3 702.1 2.1
163.24 .34 14.7 814.8 2.3
212.52 .47 15.4 663.1 2.9
224.84 .56 17.4 537.1 2.7
260.26 .59 15.0 578.4 3.4
267.96 .64 16 6 526.9 3.3
207.9ti .63 1.).3 574.0 3.9
303.38 .60 13.9 648.0 4.5
351.12 .64 12.8 679.8 5.7
358.82 .71 13.9 596f1 5.4
368.06 .74 14.0 562.9 5.5
377.30 .73 13.5 608.9 5.8
431.2• .90 14.7 $00.9 6.1

446.60 .87 13.7 545.6 6.0
514.36 .90 13.4 529.3 8.0
629.86 1.21 13.4 475.5 9.8
6)2.94 1.18 13.0 496.8 10.1
897.02 1.46 11.3 511.5 16.5
922.46 1.48 11.2 511.2 17.1

1062.60 1.40 •.2 643.3 24.0
1239.70 1.67 9.4 576.1 27.4
1321.32 1.45 7.7 756.8 35.8
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

2605.68 1.87 5.0 1021.7 108.1
1433.74 1.18 5.8 1113.8 51.6
2037.42 2.05 7.0 694.1 60.2
3985.52 2.65 4.7 923.9 178.1
679.14 1.05 10.8 633.6 13.1
702.24 1.05 10.5 649.6 13.9
984.06 2.08 14.8 326.9 13.8

2120.58 1.95 6.4 778.8 68.5
2427.04 2.23 6.4 727.2 78.4
5299.14 4.23 5.6 608.4 197.1
9681.98 5.40 3.9 771.6 515.8
3481.94 2.23 4.5 1043.3 161.3
4082.54 5.30 9.1 334.6 93.4
2225.30 1.96 6.2 812.0 75.1
731.50 .92 8.8 826.8 17.3

4820.20 2.65 3.8 1117.4 260.5
645.26 1.05 11.4 602.1 11.8
922.46 1.58 12.0 466.2 16.0

1507.66 1.67 7.7 700.7 40.5
6474.16 2.45 2.6 1608.2 508.4
1461.46 1.73 8.3 640.4 36.6
426.50 .87 14.3 523.4 6.2

2530.22 2.82 7.8 535.2 67.5
2551.79 1.84 5.0 1022.4 105.2
662.20 1.24 13.1 400.4 10.5
883.06 1.40 11.1 531.3 16.5

4458.30 6.15 9,7 292.3 96.0
1530.76 1.03 8.4 618.3 30.0
1958.80 3.13 1.2 353.7 6.4
8624400 0.09 6.6 374.0 273.2

23911.58 15.17 4.4 404.7 1119.9
1290.52 2.03 11.0 446.2 24.4

• 4826.36 2.69 3.9 1093.9 257.3
11371.36 5.67 3.5 842.2 677.7
21673.96 11.21 3.G j77.5 1245,2

586.74 1.03 21.8 237.1 5.6
1321.32 1.55 8.2 684.7 33.5
1650.92 1.12 4.6 1433.0 76.1
542.08 .88 11.4 653.8 9.9
776.16 .1.26 11.4 547.7 14.2
782.32 1.15 10.3 637.8 15.9
947.10 1.47 10.9 530.7 18.1
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

950.18 1.21 8.9 711.7 22.1
1004.08 1.51 10.5 540.6 19.8
1178.10 1.68 10.0 539.9 24.5
1409.10 1.77 8.8 600.1 33.4
1424,50 1.73 8.5 624.2 34.8
1456.84 1.20 5.8 1108.3 52.6
1613.92 1.42 6.1 957.2 54.6
2251.48 2.50 7.8 569.6 60.3
1315.16 1.66 8.8 614.9 31.0
1479.94 1.74 8.2 644.8 37.4
1652.42 2.08 8.8 550.8 39.0
1667.82 1.80 7.6 690.6 45.9
3144.68 2.07 4.6 1058.5 142.2
3304.84 2.86 6.1 683.3 113.5
6962.34 6.30 6.3 440.3 228.6
1262.80 2.34 13.0 352.8 20.2
940.94 1.11 8.3 801.8 23.6

1041.04 1.57 10.5 531.1 20.6
1084.16 1.59 10.3 540.0 21.9
1325.94 1.47 7.8 744.0 35.5
1798.72 1.60 6.2 887.1 60.0
1829.52 2.07 7.9 613.4 48,0
1888.04 1.95 7.2 693.4 54.3
4442.90 4.54 7.1 459.6 129.3
5117.42 3.83 5.2 683.3 203.3

25302.20 11.79 3.3 624.9 1613.2
28665.56 11.70 ?.9 716.3 2086.9

606.76 .97 11.2 632.9 11.3
850.08 1.24 10.2 615.6 17.3
970.20 1.27 9.1 680.3 22.1

1105.72 1.54 9.7 580.4 23.6
1256.64 1.71 9.5 562.0 27.4
2282.28 1.24 3.8 1652.9 124.8
5134.36 5.45 7.4 403.5 143,7
7465.92 6.24 5.9 479.0 265.4

13353.34 12.83 6.7 290.5 412.9

28596.26 12.51 3.1 646.3 1942.3
39782.82 21.58 3.8 397.0 2179.7

585.20 .80 9.5 825.5 14.8
1402.94 1.35 6.7 894.4 43.3
1492.26 2.28 10.7 433.5 29.0
645.26 1.08 11.7 578.6 11.5
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)

Impact
Ballistic Kinetic

Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1121.12 1.96 12.3 407.3 19.0
2168.32 4.78 15.4 207.5 29.2
2382.38 2.68 7.9 543.0 62.9
2835.14 3.23 8.0 488.4 73.9
84813.86 7.50 6.2 413.0 285.2

10291.82 8.24 5.6 435.1 382.0
4070.22 2.86 4.9 841.5 172.1
2003.54 2.28 8.0 582.0 52.3
5021.94 2.90 4.0 1016.9 258.4

623.70 1.32 14.8 411.6 8.8
805.42 1.67 14.5 373.0 11.5
714.56 1.25 12.2 513.9 12.2

1287.44 1.42 7.7 763.5 34.8
3820.74 4.30 7.9 428.5 100.9
9309.30 5.56 4.2 710.4 463.3

762.30 1.17 10.8 601.2 14.7
924.00 1.64 12.4 440.8 15.5

1801.80 3.67 14.2 256.6 26.3
20066.20 8.47 3.0 814.5 1413.1
21604.66 10.03 3.3 679.8 1382.3

799.26 1.20 10.5 609.9 15.9
1638.56 1.83 7.8 660.1 43.5

2608.76 2.48 6.6 670.0 81.7
2109.80 2.65 8.8 489.1 49.9

* 3817.66 4.87 8.9 355.6 89.0
300.30 .75 17.6 459A4 3.6
451.22 .68 10.6 799.2 8.9
643.72 1.14 12.4 529.0 10.8
994.84 1.23 8.6 731.8 24.0

2713.48 1.99 5.1 964.5 109.8
693.00 1.23 12.5 505.7 11.6
887.04 1.68 13.2 408.6 13.9

1298.22 1.62 8.7 631.6 31.0
790.02 1.39 12.3 481.4 13.3
292.60 .80 19.1 409.2 3.2
535.92 1.16 15.2 428.5 7.4
686.84 .76 7.8 1030.3 18.4
768.46 1.89 17.2 295.2 9.3

1338.26 2.43 12.7 354.4 21.9
5419.26 4.98 6.4 488.4 175.4

571.34 .81 9.9 789.4 12.0
1051.82 1.23 8.2 774.9 26.8
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FAR-FIELD FRAGMENT COLLECTION DATA
FOR DETONATION OF EIGHT SINGLE PALLETS

(Continued)
Impact

Ballistic Kinetic
Fragment Average Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1062.60 1.44 9.5 615.1 23.3
774.62 1.40 12.6 468.2 12.7
984.06 1.91 13.6 372.3 15.1

4190.34 3.68 6.1 594.8 142.0
753.06 1.29 12.0 515.0 13.1
796.18 1.36 11.9 504.2 13.9

1208.90 1.50 8.7 659.7 29.0
1467.62 2.14 10.2 468.8 29.9
2363.90 4.50 13.3 247.6 36.9
2596.44 2.58 7.0 625.3 77.5

25872.00 13.68 3.7 511.6 1454.4
13679.82 6.73 3.4 783.5 826.2

9021.32 6.31 4.9 569.1 383.2
1635.48 2.41 10.3 437.1 33.0

47193.30 20.28 3.0 516.7 3263.3
354.20 .62 12.3 724.4 6.0
902.44 1.70 13.2 408.1 14.3

1618.54 2.14 9.3 517.0 36.4
16570.40 12.28 5.2 385.1 664.4
23281.72 14.63 4.4 416.1 1100.9

",i
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 0-20*
Range: 500 to 2700 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)

0 - 300 229 25637.9 112.0
300 - 500 27 10935.5 405.0
500 - 600 10 5382.3 538.2

600 - 700 10 6460.3 646.0
700 - 800 11 8183.6 744.0
800 - 900 4 3494.3 873.6
900 - 1000 3 2853.6 951.2I 1000 - 1200 14 15369.2 1097.8

1200 - 1400 7 9130.7 1304.4
1400 - 1700 9 13421.1 1491.2
1700 - 2000 4 7447.4 1861.9
2000 - 2500 5 10490.5 2098.1
2500 - 3000 1 2752.0 2752.0
3000+ 16 110355.4 6928.5

I
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 70-800
Range: 500 to 2700 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)

0 - 300 1080 90419.6 83.7
300 - 500 88 34212.6 388.8
500 - 600 25 13652.1 546.1
600 - 700 16 10234.8 639.7
700 - 800 15 11161.9 744.1
800 - 900 16 13496.6 843.5
900 - 1000 9 8428.4 936.5

1000 - 1200 4 4570.7 1142.7
1200 - 1400 11 14269.6 1297.2
1400 - 1700 7 10673.7 1524.8

1700 - 2000 4 7327.3
2000 - 2500 11 24944.9 2267.7
2500 - 3000 4 10732.3 2683.1
3000+ 12 63095.3 5257.9
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SFAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION

(Continued)

"Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 90-950
Range: 500 to 2700 ft

Fragment No. Fragment Average

Fragment Wt. (gr) Wt. (gr)

0 - 308 514 47941.8 93.3

308 - 500 69 27060.9 392.2

500 - 600 15 8356.0 557.1

j 600 - 700 17 11112.6 653.7

700 - 800 5 3888.5 777.7

800 - 900 9 7797.0 866.3

900 - 1000 4 3839.2 959.8

1000 - 1200 10 11057.2 1105.7

1200 - 1400 6 7522.9 1253.8

1400 - 1700 14 21567.7 1540.6

1700 - 2000 2 3739.1 1869.6

2000 - 2500 4 8987.4 2246.9

2500 - 3000 3 8463.8 2821.3

d 3000+ 14 87926.3 6280.4

•I
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION

(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 90-1000
Range: 500 to 2700 ft

Fragment No. Fragment Average
wt. (gr) Fragment Wt. Wct , (gjr)

0 - 308 919 88642.5 96.5
308 - 500 11 43716.0 393.8
500 - 600 24 13276.3 553.2
600 - 700 22 14322.0 651.0
700 - 800 11 8451.5 768.3
800 - 900 10 8593.2 859.3
900 - 1000 6 5770.4 961.7

1000 - 1200 19 21130.3 1112.1
1200 - 1400 11 13892.3 1262.9
1400 - 1700 21 31970.4 1522.4
1700 - 2000 5 9110.6 1822.1
2000 - 2500 8 18614.0 2326.7

2500 - 3000 7 19059.0 2722.7
3000+ 28 180686.7 6453.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION

(Continued)'i E
•i!' i
•..••'• Location: White Sands Missile Range, NM

•; Date: 26 September 1979

i! Collection Zone: Azimuth: 0-I 80°

i•!I Range: 700 to 900 ft
m!

i•,21, Fragment No. Fragment Average
• Wt. (gr) Fragment Wt. !gr) Wt. (gr

0 - 300 1331 150479.6 113.1
300 - 500 150 60494.3 403.3
500 - 600 50 27302.7 546.1
600 - 700 37 24013.2 649.0
700 - 800 16 11902.7 743.9
800 - 900 19 16190.0 852.1

•' ! 900 - i000 15 14463.7 964.21000 - 1200 23 25633.3 1114.5
1200 - 1400 12 15715.7 1309.6

1400 - 1700 24

S36568.8 1323.7
1700 - 2000 9 16738.3 1859.8

-• 2000 - 2500 16 35433.9 2214.6
i 2500 - 3000 ii 30051.6 2732.0

•:I 3000+ 40

:. ?
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 0-1800
Range: 900 to 1100 ft

Fragment No. Fragment Average
wt. (gr) Fragment Wt. (gr) Wt. (gr)

0 - 300 558 75828.1 135.9
300 - 500 143 55418.4 387.5

500 600 45 24672.3 548.3
600 - 700 22 14277.3 649.0
700 - 800 20 14996.5 749.8
800 - 900 18 15393.8 855.2
900 - 1000 19 18184.3 957.1

1000 - 1200 22 24301.2 1104.6

1200 - 1400 15 19276.2 1285.1
1400 - 1700 11 16923.1 1538.5
1700 - 2000 6 10900.1 1816.7
2000 - 2500 12 27174.8 2264.6
2500 - 3000 7 19171.5 2738.8

i. 3000+ 32 255473.7 7983.6

i
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 0-180°
Range: 1100 to 1500 ft

Fragment No. Fragment Average
Wt. (gr) Fragment Wt. (gr) Wt. (gr)

0 - 300 283 48180.4 170.2
300 - 500 149 58749.5 394.3
500 - 600 30 16515.0 550.5
600 - 700 33 21191.9 642.2
700 - 800 29 21778.7 751.0

3 - 900 0 14 11918.1 851.3
900 - 1000 23 21901.9 952.3

1i000 - 1200 24 26756.0 1114.8i 1200 - 1400 24 31311.3 1304.6
1400 - 1700 33 50321.0 1 57'-t•
1700 - 2000 9 16270.1 14' , ; .8

S2000 - 2500 17 38704.8 2276.8
,,2500 - 3000 10 27093.2 2709.3
S3000+ 47 313299.1 6665.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: AZimuth: 0-1800
Range: 1500 to 1900 ft

Fragment No. Fragment Average
wt. (gr) Fragment Wt. (gr) Wt. (gr)

0 - 300 55 8350.0 151.8
300 - 500 28 12061.3 430.8
500 - 600 12 6558.9 546.6
600 - 700 7 4496.8 642.4

700 - 800 7 5322.2 760.3
800 - 900 4 3341.8 835.4
900 - 1000 4 3759.1 939.8

1000 - 1200 10 10912.4 1091.2
1200 - 1400 11 14067.9 1278.9
1400 - 1700 8 12087.5 1510.9

.4 1700 - 2000 6 11200.4 1866.7
2000 - 2500 8 18441.5 2305.2
2500 - 3000 4 11363.7 2840.9
3000+ 20 173725.9 8686.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

Location: White Sands Missile Range, NM

Date: 26 September 1979

Collection Zone: Azimuth: 0-1800
Range: 1900 to 2300 ft

Fragment No. Fragment Average
wt. (gr) Fragment Wt. (gr) W

0 - 300 13 1911.1 147.0
300 - 500 6 2310.0 385.0

500 - 600 0 0.0 0.0
600 - 700 1 640.6 640.6
700 - 800 1 782.3 782.3
800 - 900 1 882.4 882.4

900 - 1000 1 959.4 959.4
1000 - 1200 3 3275.6 1091.9
1200 - 1400 3 4084.1 1361.4

I 1400 - 1700 4 6451.1 1612.8
1700 - 2000 1 1958.9 1958.9
2000 - 2500 6 13197.8 2199.6

2500 - 3000 1 2662.7 2662.713000+ 10 70687.5 7068.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80*
"Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Area Gamma Density Energy
i Wt. (gr) (in. 2 ) (in. 2 /lb) (gr/in. 3) (ft/lb)

311.1 .511 11.499 851.6 5.6
321.9 .663 14.419 59b.2 4.6
331.1 .603 12.748 707.1 5.4
365.0 .667 12.79! 670.0 5.9

S445.1 .718 11.293 731.5 8.2
477.4 .788 11.554 682.5 8.6
517.4 .864 11.688 G44.3 9.2
606.8 1.310 15.113 404.7 8.4
722.3 .914 8.858 826.6 17.0
845.5 .988 8.180 860.9 21.5

1225.8 1.660 9.479 573.2 26.9
1697.1 1.430 F.898 992.4 59.8
2256.1 1.870 5.802 882.3 80.9
4258.1 2.220 3.650 1287.3 242.7
6905.4 4.700 4.764 677.7 301.5
317.2 .571 12.599 735.2 5.2
354.2 .718 14.190 582.2 5.2
388.1 .682 12.302 689.0 6.6
425.0 .648 10.672 814.8 8.3
489.7 .711 10.163 816.9 10.0
517.4 .800 10.823 723.1 9.9
597.5 .831 9.735 788.8 12.8
834.7 .947 7.942 905.7 21.9
890.1 1.160 9.122 712.5 20.3

1406.0 1.270 6.323 982.4 46.3
2651.9 2.300 6.071 760W3 90.9

315.7 .714 15.831 ,23.3 4.1

355.7 .601 11.826 760.5 6.3
358.8 .715 13.948 593.5 5.4
435.8 .564 9.059 1028.9 10.0
532.8 .660 8.671 993.8 12.8
579.0 .699 8.450 990.8 14.3
639.1 1.050 11.501 594).0 11.6
736.1 .869 8.264 908.7 18.5
830.1 1.490 12.565 456.4 13.7

1145.8 1.380 8.431 706.8 28.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone; Azimuth: 70-800
is Range: 500 to 2700 tt

ii0 Impact
Average Ballistic Kinetic

Fragment Presented Area Gamma Density Energy

ivNt. (r) (in. 2 ) (in. 2/lb) (yr/in. 3 ) (ft/lb)

2114.4 1.900 6.290 807.3 69.9
406.6 .578 9.956 924.6 8.5
417.3 .704 11.809 706.5 7.4
423.5 .620 10.242 868.2 8.6

¶ 426.6 .795 13,045 601.8 6.8
428.1 .843 13.781 553.3 6.5
429.7 .609 9.918 904.6 9.0
398.9 .741 13.009 625.0 6.4
445.1 .661 10.390 828.9 8.9
460.5 .837 12.718 601.8 7.5
469.7 .858 12.782 591.3 7.6
472.8 .982 14.547 485,5 6.8
483.6 .661 9.565 900. 3 10.5
358.8 .608 11,862 756.7 6.3
357.3 .639 12.512 700.1 5.9
360.4 .802 15.579 501.7 4.8
360.4 .544 10.571 897.7 7.1
361.9 .804 15.544 502.3 4.0
368.1 .761 14.469 554.6 5.3
3780. .713 13.178 (29.0 6.0
386.5 .770 11.948 571.9 5.9
306.5 .607 12.071 710.26,
392.7 .729 12.998 631.4 6.3
392.7 .753 13.430 600.S 4.1
405.0 .706 1223 642.7

3U1.1 .646 14,526 599.0 4.5
314.2 .5'16 14.9828 719.2 5.1
325.4 .558 12.074 176.3 5.6
324.9 .608 14.823 564.3 4.6
324.9 .616 13.276 6',1.6 S,)
326.5 .593 12.707 1. 6 5.3
329.6 .492 10.448 955.S 6.6
3134.2 .723 15,145 543.6 .
346.5 .524 10.M90 913.0 6. $
346.5 .654 13.220 604..
351.1 .441 9.7,0 1199.4 8.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIOHT-PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Area Gamma Density Energy
Wt. (gr) (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

351.1 .591 11.783 772.7 6.2
485.1 .789 11.392 691.5 8.9
497.4 .971 13.668 519.7 7.6

i 499.0 .779 10.933 725.3 9.5
502.0 .833 11.608 660.9 9.0
503.6 .911 12.658 579.5 8.3
505.1 .771 10.691 745.4 9.8
523.6 .954 12.751 562.1 8.5
542.1 .822 10.615 727.3 10.6
568.3 1.062 13.086 519.0 9.0
571.3 1.009 12.363 563.7 9.6
582.1 .900 10.825 681.6 11.2
592.9 .932 11.008 658.5 11.2
600.6 .780 9.096 871.2 13.7
608.3 1.001 11.515 607.7 11.0
609.8 1.145 13.144 497.7 9.7
637.6 1.209 13.274 479.6 10.0
637.6 .884 9.711 766.4 13.7
702.2 .761 7.587 1057.5 19.3
648.3 1.063 11.478 591.5 3.1.7
673.0 1.229 12.782 494.0 11.0

1' 703.8 .807 8.030 970.1 18.2
705.3 1.681 16.685 323.6 8.8
720.7 1.150 11.174 584.1 13.4
740.7 .979 9.252 764.6 16.7
751.5 1.229 11.444 551.9 13.7
777.7 1.087 9.788 685.8 16.5
817.7 1.060 9.076 749.0 18.7
822.4 1.313 11.179 546.4 15.3
857.8 1.377 11.234 531.1 15.9
896.3 .994 7.767 903.7 24.0
910.1 i.4r4 11.182 519.2 16.9
927.1 1.134 8.561 767.8 22.5
956.3 1.224 8.963 '05.8 22.2
994.8 1.297 9.124 673.8 22.7
751.5 1.229 11.444 551.9 13.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR EIGHT-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Area Gamma Density Energy
Wt. (gr) (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

308.0 .663 15.059 571.0 4.3

777.7 1.087 9.788 685.8 16.5
817.7 1.060 9.076 749.0 18.7
822.4 1.313 11.179 546.4 15.3
857.8 1.377 11.234 531.1 15.9
896.3 .994 7.767 903.7 24.0
910.1 1.454 11.182 519.2 16.9
927.1 1.134 8.561 767.8 22.5
956.3 .1.224 8.963 705.8 22.2
994.8 1.297 9.124 673.8 22.7
922.5 1.687 12.798 421.2 15.0
317.2 .553 12.201 771.5 5.4
378.8 .654 12.078 716.9 6.5
477.4 .693 10.163 827,3 9.8
509.7 .663 9.104 944.3 11.6

580.6 .859 10.360 728.9 11.7
671.4 .952 9.921 723.3 14.1
768.5 1.239 11.286 557.2 14.2
782.3 .887 7.933 937.2 20..5

w 807.0 1.247 10.814 579.8 15.5
US3.1 .911 7.654 958.2 22.6
959.4 1.088 7.939 845.3 25.1

1104.2 1.203 7.628 836.6 30.1
401.9 .680 11.834 717.6 7.1

Total number of fragments - 132

Avorage ballistic density for all fragments 710.1

Average gamma for all fragments w 10.997

Number of hazardous fragments in zone - 6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION

Location: White Sands Missile Range, NM

Date: 23 January 1980

Collection Zone: Azimuth: 0-20*
Range: 500 to 2700 ft

Fragment No.
wt. (gr) Fragment

0 - 300 1694

300 - 770 400

770 - 1080 182
1080 - 1540 141
1540 - 2310 94
2310 - 3080 b3
3080+ 50

Collection Zone: Azimuth: 70-800
Range: 500 to 700 ft

Fragment No.
Wt. (gr) Fragment

0 - 300 2654

300 - 770 437

770 - 1080 154
1080 - 1540 91
1540 - 2310 63
2310 - 3080 33

3080+ 18

Collection Zone: Azimuth: 80-900
Ranget 500 to 27U0 ft

Fragment No.
wt. (gr) Fraqment

0 - 30u 2944
300 - 77u 475
770 - 1080 184

1080 - ý540 120
1540 - 2310 64

2310 - 3080 50
3080+ 40

B-97
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FAR-FIELD FRAGMENT COLLECUION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

"Collection Zone: Azimuth: 90-1000
Range: 500 to 2700 ft

Fragment No.
Wt. (gr) Fragment

0 - 300 2620
300 - 770 552
770 - 1080 238

1080 - 1540 163

1540 - 2310 113

2310 - 3080 66

3080+ 40

Collection Zone: Azimuth% 100-1100
Range: 500 to 2700 ft

Fragment No.
•-I Wt. (gr) Fragment

"0 - 300 2220
300 - 770 382

770 - 1080 173
1080 - 1540 117

1540 - 2310 89
2310 - 30U0 52
3080+ 40

D-98
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

.BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

797.72 1.20 10.5 605.6 15.7
1151.92 1.86 11.3 453.3 21.2
1047.20 1.71 11.4 469.3 19.1
816.20 1.00 8.6 815.6 19.8
834.68 1.12 9.4 705.1 18.5
845.46 1.21 10.0 632.9 17.5
870.10 1.22 9.8 643.0 18.4
887.04 1.21 9.6 662.5 19.2
897.82 1.12 8.7 761.6 21.5
900.90 1.01 7.9 882.8 23.8
922.46 .95 7.2 1003.0 26.7
982.52 1.03 7.3 946.0 28.0

1033.34 1.48 10.0 573.3 21.4
1050.28 1.70 11.4 472.1 19.2
1147.30 1.39 8.5 703.2 28.2
1171.94 1.43 8.6 683.3 28.5
1188.88 1.75 10.3 514.1 24.0
1211.98 1.62 9.4 586.6 26.9
"1284.36 1.68 9.1 592.5 29.3
1333.64 2.06 10.8 451.6 25.7
1338.26 1.61 8.4 652.5 33.0
1569.26 1.64 7.3 746.0 44.6
1649.34 1.87 7.9 646.7 43.3
1684.76 2.23 9.3 504.8 37.8
1695.54 2.25 9.3 502.4 38.0
1703.24 1.73 7.1 746.4 49.7
1801.80 2.08 8.1 602.8 46.5
1815.66 1.77 6.8 773.2 55.4
1895.74 2.29 8.5 546.5 46.6
1903.44 2.13 7.8 610.9 50.5
2102.10 2.48 8.2 539.9 53.1
2169.86 2.25 7.3 642.9 62.2
2373.14 2.59 7.6 568.8 64.6
2376.22 2.52 7.4 595.2 66.7
2427.04 2.48 7.1 623.3 70.7
2670.36 3.28 8.6 450.6 64.7
3163.16 2.48 5.5 808.3 119.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95*
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

3224.76 3.68 8.0 456.2 83.9
3226.30 3.32 7.2 534.1 93.3
3538.92 3.40 6.7 564.5 109.5
3854.62 3.60 6.5 564.3 122.6
3916.22 3.68 6.6 554.0 123.7
4053.28 4.26 7.4 461.3 114.6
5243.70 3.63 4.8 759.8 225.4
6432.58 3.68 4.0 913.1 334.6
8180.48 4.58 3.9 833.7 433.9
8808.80 6.73 5.4 504.2 342.4

11745.58 8.68 5.2 459.7 472.5
803.88 1.05 9.2 742.4 18.2

834.68 1.01 8.4 827.3 20.6
1071.84 2.04 13.3 366.8 16.7

848.54 .97 8.0 889.5 22.1
902.44 1.28 10.0 620.9 18.9
964.04 1.20 8.7 733.9 23.0

1185.80 1.25 7.4 852.2 33.5
1273.58 1.47 8.1 717.0 32.9
1296.68 1.73 9.3 572.3 29.0
1569.26 1.87 8.3 615.3 39.2
1720.18 2.19 8.9 530.2 40.1
1932.70 2.33 8.4 545.2 47.7
2095.94 2.08 6.9 701.2 62.9
2169.86 2.37 7.6 596.0 59.1
2249.94 2.65 8.2 521.6 56.8
2427.04 2.80 8.1 518.0 2.5
2448.60 2.25 6.4 725.5 9.2
2616.46 2.43 6.5 692.9 83.9
3012.24 2.62 6.1 711.7 103.0
3075.38 3.26 7.4 522.9 86.3
3398.78 3.49 7.2 520.9 98.3
3788.40 2.96 5,5 744.5 144.2
3883.88 3.54 6.4 582.7 126.6
5383.84 3.33 4.3 884.7 258.4
5453.14 4.44 5.7 582.5 198.9
6432.58 3.99 4.3 806.6 308.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

7760.06 4.33 3.9 862.8 413.7
11745.58 7.64 4.6 556.0 536.4
14192.64 10.07 5.0 444.4 594.6
1039.50 1.31 8.8 693.3 24.5
1288.98 1.53 8.3 678.9 32.2
2279.20 2.28 7.0 660.6 67.6
4781.70 2.91 4.3 964.1 233.6
9369.36 6.95 5.2 511.4 375.3

Total number of fragments 82

! 4 Average ballistic density for all fragments 644.1

Average gamma for all fragments 7.726

Number of hazardous fragments in zone = 36

b-0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

4,i

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

309.5 .538 12.166 784.4 5.3
317.2 .529 11.673 824.5 5.7
328.0 .519 11.076 877.3 6.2
334.2 .734 15.375 531.4 4.5
335.7 .501 10.446 946.7 6.7
337.3 .749 15.546 520.3 4.5
340.3 .604 12.423 725.0 5.7
346.5 .797 16.101 487.0 4.5
354.2 .622 12.292 722.0 6.0
361.9 .638 12.340 710.2 6.1
369.6 .567 10.739 865.7 7.2
375.8 .864 16.095 467.9 4.9
378.8 .602 11.123 811.1 7.1
383.5 .535 9.766 979.9 8.2
386.5 .623 11.282 786.1 7.1
389.6 .622 11.175 794.2 7.3
391.2 .610 10,916 821.0 7.5
401.9 .838 14.594 524.0 5.7
415.8 .996 16.768 418.3 5.2
420.4 .706 11.755 708.7 7.4
420.4 .675 11.239 758.1 7.8
438.9 1.180 18.820 342.4 4.9
460.5 .783 11.903 664.6 8.0
462.0 .657 9,955 867.5 9.)
482.0 .739 10.732 758.7 9.3
482.0 .707 10.267 810.8 9.8
483.6 .827 11.972 643.0 8.4
483.6 .765 10.074 722.7 9.1
519.0 .754 10.170 792.7 10.6
525.1 .740 9.637 854.2 11.3
531.3 .881 9.750 834.6 11.3
537.5 .731 11.474 650.0 9.7
537.5 1.200 9.521 859.9 11.7
540.5 .779 15.540 411.2 7.2

551.3 .779 9.891 e01.9 11.6
592.9 .946 9.197 862,3 13.4
599.1 .854 11.054 651.1 11.3
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i
FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

619.1 .854 9.656 784.4 13.3
636.0 1.300 14.308 429.1 9.2
677.6 1.130 11.674 564.1 12.1
679.1 1.470 15.152 381.1 9.3
714.6 .898 8.797 839.7 16.9
717.6 .987 9.627 731.9 15.5
750.0 1.060 9.894 687.2 15.8
753.1 1.240 11.526 545.4 15.6
794.6 1.010 8.897 782.9 18.6
820.8 1.450 12.366 470.1 13.8
830.1 1.170 9.867 655.9 17.5
856.2 1.160 9.483 685.3 18.8
860.9 1.170 9.514 608.2 18.8
900.9 1.150 8.936 730.5 21.0

2005.1 2.140 7.471 640.5 55.8
1181.2 1.270 7.526 825.3 32.6
1290.5 1.260 6.834 912.4 39.3
1647.8 1.380 5.862 1016.4 58.5
2R75.2 1.950 4.748 1055.9 126.0
6012.2 4.910 5.717 552.6 218.7
6851.5 4.840 4.945 643.5 288.2

309.5 .480 10.855 930.8 5.9
317.2 .477 10.525 963.0 6.3
318.8 .584 12.824 714.3 5.2

: 323.4 .506 10.952 898.5 6.1
324.9 .539 11.611 821.1 5.8
335.7 .715 14.908 555.3 4.7
340.3 .756 15.549 517.8 4.6
341.9 .604 12.367 728.3 5.8
343.4 .675 13.759 619.3 5.2
345.0 .801 16.254 481.2 4.4
354.2 .592 11.700 777.6 6.3
357.3 .554 10.854 866.5 6.8
363.4 .748 14.407 561.8 5.2
369.6 .563 10.663 874.9 7.2
389.6 .645 11.588 752.1 7.0
418.9 .691 11.547 729.2 7.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy

wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

420.4 .621 10.340 859.1 8.5

435.8 .735 11.805 691.6 7.7

438.9 1.160 18.501 351.3 4.9
457.4 .923 14.126 515.8 6.7
465.1 .809 12.176 639.2 7.9
466.6 .707 10.606 784.9 9.2
477.4 1.060 15.543 437.4 6.4
478.9 .716 10.465 790.5 9.5
483.6 .828 11.986 641.8 8.4
485.1 .745 10.750 754.4 9.4
486.6 .748 10.759 752.2 9.4
488.2 .730 10.467 782.7 9.7

2 489.7 .814 11.635 666.8 8.8
495.9 .827 11.674 659.4 8.8
497.4 .667 9.386 913.1 11.0

506.7 .626 8.649 1023.0 12.2
526.7 .797 10.593 740.2 10.3

535.9 .798 10.423 751.8 10.7
535.9 .777 10.149 782.5 11.0
546.7 1.410 18.054 326.5 6.3
548.2 .722 9.219 893.6 12.4
551.3 .769 9.764 817.5 11.7
566.7 1.190 14.699 436.6 8.0

586.7 1.460 17.418 332.6 7.0
597.5 .845 9.899 769.2 12.6
611.4 .735 8.415 970.2 15.1
622.2 .893 10.047 737.3 12.9
626.8 .911 10.174 720.8 12.8

626.8 1.400 15.635 378.4 8.3
639.1. .804 8.806 886.5 15.1

4 651.4 .928 9.972 728.7 13.6
656.0 1.180 12.591 511.8 10.8
665.3 .953 10.027 715.1 13.8

686.8 1.100 11.211 595.3 12.7

731.5 1.340 12.823 471.6 11.9

734.6 1.100 10.482 636.7 14.6

745.4 .901 8.462 871.5 18.3
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800

Range: 500 to 2300 ft

Impact

Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/ib) (gr/in. 3 ) (ft/lb)

745.4 .839 7.879 969.9 19.7
760.8 .943 8.677 830.8 18.2
782.3 .952 8.518 842.2 19.1
820.8 1.010 8.613 808.7 19.8
842.4 1.670 13.877 390.3 12.6
848.5 1.010 8.332 836.0 21.2
874.7 1.280 10.243 604.0 17.8
922.5 1.220 9.258 684.6 20.7
922.5 1.090 8.271 810.6 23.2
961.0 1.260 9.178 679.4 21.8
987.1 1.790 12.693 412.2 16.2

1025.6 2.090 14.264 339.4 15.0
1054.9 1.240 8.228 764.0 26.7
1070.3 1.010 6.606 1054.4 33.7
1084.2 1.390 8.975 661.6 25.1
1284.4 1.330 7.249 837.4 36.9
1406.0 1.480 7.368 780.9 39.7
1660.1 1.720 7.252 735.9 47.6
1638.2 2.030 8.442 582.0 41.5
1758.7 2.110 8.398 573.8 43.6
1960.4 2.080 7.427 653.5 54.9
2108.3 1.950 6.475 774.2 67.7
2462.5 2.360 6.709 679.2 76.3
7760.1 5.830 5.259 551.3 306.9

10696.8 5.200 3.403 902.1 653.8
1279.7 1.620 8.861 620.7 30.0
1436.8 1.570 7.649 730.4 39.1
1466.1 2.210 10.552 446.2 28.9
1546.2 1.330 6.021 1008.0 53.4
1553.9 1.490 6.712 854.3 48.2
1607.8 1.910 8.316 609.1 40.2
1674.0 1.830 7.652 676.2 45.4
1726.3 1.490 6.042 949.2 59.4
1732.5 1.990 8.0,10 617.2 44.8
2565.6 2.470 6.739 660.9 79.2

312.6 .597 13.368 677.7 4.9
315.7 .507 11.242 874.5 5.8
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* FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

315.7 .582 12.905 711.0 5.1
317.2 .507 11.187 878.8 5.9
321.9 .678 14.746 576.5 4.5
323.4 .703 15.216 548.7 4.4
323.4 .603 13.052 690.7 5.2
329.6 .537 11.406 837.5 6.0

334.2 .562 11.772 793.2 5.9
334.2 .636 13.322 658.9 5.2
338.8 .720 14.876 554.6 4.7
341.9 .646 13.227 658.5 5.4
341.9 .577 11.814 780.0 6.0
343.4 .631 12.862 685.1 5.6
351.1 .608 12.121 740.6 6.0
354.2 .563 11.126 838.5 6.6
354.2 .778 15.375 516.2 4.8
358.8 .627 12.232 722.7 6.1
375.6 .578 10.768 855.1 7.3
380.4 .528 9.717 991.4 8.1
381.9 .562 10.301 906.5 7.7
386.5 .790 14.306 550.5 5.6
388.1 .666 12.013 714.0 6.7
405.0 .696 12.029 697.5 7.0
417.3 .470 7.883 1295.2 11.0
423.5 .747 12.347 656.0 7.).
429.7 .847 13.799 551.2 6.5
434.3 .839 13.524 565.1 6.7
454.3 .698 10.755 779.0 8.8
471.2 .671 9.967 857.4 9.8
523.6 .858 11.471 658.8 9.5
532.8 .728 9.564 857.8 11.6
534.4 .889 11.645 637.5 9.5
551.3 .560 7.110 1315.6 16.1
562.1 .735 9.153 892.0 12.8
592.9 .819 9.669 799.9 12.8

Sj594.4 .888 10.457 710.4 11.8
612.9 .748 8.543 947.4 14.9
631.4 .585 6.486 1411.1 20.2

1B-106



FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: .70-800
Range: 500 to 2300 ft

Impact

Average Ballistic Kinetic
Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

631.4 .768 8.514 938.1 15.4
637.6 1.050 11.528 592.6 11.5
685.3 1.010 10.317 675.1 13.8
694.5 1.120 11,288 586.0 12.8
706.9 1.080 10.695 629.8 13.7
730.0 .971 9.311 762.9 16.3
739.2 1.110 10.1 632.1 14.6
766.9 .931 8.498 853.7 18.8
783.9 1.270 11.341 547.7 14.4
786.9 1.160 10.318 629.9 15.9
790.0 1.090 9.658 694.2 17.0
797.7 .975 8.556 828.6 19.4
810.0 .714 6.170 1342.6 27.3
811.6 1.130 9.746 675.6 17.3
816.2 .928 7.959 913.0 21.3
A20.8 .704 6.004 1389.6 28.4
880.9 .644 5.117 1704.5 35.8

8 80. C 1.080 8. 582 784.8 21.3
882.4 1.180 9.361 686.4 19.6
286.4 .646 15.787 551.7 3.0

f 301.8 .506 11.735 830.6 S.A
309.5 .486 10.991 913.6 5.9
311.1 .529 11.904 Soo's 5.4
314.2 .504 11.230 878.0 5.8
315.7 .533 11.81 113 l.) 5.6
321.9 .575 12.505 738.2 5.4

1.19 .675 14.680 580.4 4.6
2(. .545 11.685 811.5 5.8

334,21 .643 13.469 640.1 5.2
343.4 A7. 13.731. 620.6 5.2
346.5 .169f$ 14.101 594.2 5.1
346.5 .630 12.727 692.9 5.7
340.0 .596 .11.901 756.4 61
354.2 .622 121.22 722.0 6.0
357.3 .583 11.4221 802.6 6.5
363.4 .600 11.556 782.0 6.5
363.4 .730 14.060 8.7 5.4
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FAR-FIELD FRAGMENT COLL4ECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 230U ftt

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Eneray
lit.(gr)Area(in.2) (in.2/lb) (gr/in.3)(t/b

368.1 .531 10.099 951.2 7.6

372.7 .533 10.011 957.7 7.7
375.8 .773 14.400 552.9 5.4
375.8 .590 10.991 829.1 .1
375.8 .565 10.525 884.8 7.4

378.8 .560 10.347 904.0 7.6
378.8 .650 12.010 722.9 6.6
380.4 .509 9.367 1047.5 8.4
381.9 .681 12.482 6966.4
383.5 .703 12.833 650.6 6.2
3899. .575 10.331 893.6 7.13
397.3 .815 14.359 540.0 5.8
401.9 .773 13.462 591.4 6.2
405.0 .72f) 12.548 654.7 .7
408.1 .749 12.847 629.6 6.6
412.7 .6%. 11.024 787.6 7.8
412.7 .817 13.9$? 558.9 6.2
412.7 .653 11.075 702.1 7.8
414.3 .656 11.095 779.7 7.9
417.3 .706 11.84Ž 703.5 7.3
42*.0 .808 13.404 5131.0 6.5

422.0 .720 ~11.944 .9772
422.0 .701 11.629 710.9 7.5

429.7 .844 13.750 554.1 6.5
434.3 .8R9 14.329 518.1 6.3
437.4 .760 12.164 660.1 7.5
436.9 .605 10.925 774.2 014

-'439.9 .744 11.866 683.9. 7.7
440.4 .730 11 .6 .02 706.2 7.9
443.5 .604 10.79S 784.0 0.5
446.6 .698 10.940 76S.6 8.5

.:Z457.4 .915 14.004 522.6 6.8
466.6 .779 11.686 670.7 813
469.7 .908 13.532 542.9 7.2

4469.7 .688 10.21*1 323.1 9.5
472.8 .713 10.5si 795..3 9.3
485.1 .723 10.433 709.1 9.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

485.1 .759 10.952 733.6 9.2
488.2 .869 12.461 602.6 8.1
492.8 .667 9.474 904.7 10.8
514.4 .908 12.357 594.5 8.7
515.9 .910 12.347 594.3 8.7
515.9 .868 11.777 637.9 9.1
520.5 .750 10.086 801.4 10.7
522.1 .671 8.997 949.8 12.1
543.6 .984 12.671 556.9 8.9
554.4 .771 9.735 818.9 11.8
576.0 .883 10.732 694.1 11.2
579.0 .859 10.384 727.3 11.6
580.6 .988 11.912 591.2 10.1
582.1 .928 11.159 651.2 10.9
583.7 .916 10.986 665.8 11.1
589.8 .893 10.598 698.9 11.6
596.0 .799 9.385 834.5 13.2
597.5 1.060 12.418 547.5 10.0
600.6 .910 10.606 691.9 11.8
603.7 .955 11.074 646.8 11.3
609.8 .978 11.226 630.5 11.3
622.2 1.460 16.427 352.7 7.9
625.2 .813 9.102 852.9 14.3
625.2 .966 10.815 658.5 12.0
632.9 .880 9.732 766.7 13.5
634.5 .855 9.433 802.5 14.0
653.0 .939 10.066 717.6 13.5
662.2 .873 9.228 811.8 14.9
679.1 1.110 11.441 580.7 12.3
686.8 1.470 14.982 385.4 9.5
697.6 .869 8.720 861.2 16.6
"702.2 .926 9.230 788.1 15.8
709.9 1.200 11.832 540.1 12.5
709.9 .939 9.259 780.2 15.9
717.6 1.090 10.632 630.6 14.0
720.7 .868 8.430 891.2 17.8
737.7 1.110 10.533 630.8 14.6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

737.7 1.040 9.869 695.5 15.5
768.5 .894 8.144 909.1 1.9.6
770.0 1.340 12.182 496.4 13.1
776.2 1.025 9.247 747.6 17.5
951.7 1.580 11.623 479.1 17.0
783.9 1.008 9.005 774.2 18.1
785.4 1.134 10.109 650.1 16.2
785.4 1.390 12.387 479.3 13.2
796.2 1.061 9.330 728.3 17.7
803.9 1.013 8.821 788.5 19.0
803.9 1.043 9.083 754.6 18.4
816.2 1.039 8.912 770.5 19.0
825.4 1.063 9.019 752.6 19.0
836.2 1.043 8.732 784.9 19.9
847.0 1,521 12.574 451.3 14.0
882.4 1.128 8.952 736.1 20.5
884.0 1.229 9.731 648.9 18.9
890.1 1.110 8.730 761.0 21.2
919.4 1.431 10.894 537.2 17.6

* 928.6 1.544 11.638 484.1 16.6
931.7 1.257 9.441 661.5 20.5
953.3 1,179 8.656 744.9 22.9
954.8 1.318 9.660 631.3 20.6

1027.2 1.520 10.360 548.0 20.6
1045.7 1.147 7.679 851.1 28.3
1058.0 1.318 8.717 699.6 25.2
1125.7 1.606 9.984 553.3 23.5
1127.3 1.246 7.734 811.0 30.3
1199.7 1.528 8.916 635.1 28.0
1247.4 1.417 7.950 739.8 32.6
1250.5 2.058 11.522 423.5 22.6
1281.3 1.533 8.377 674.8 31.8
1301.3 1.675 9.010 600.3 30.0
1304.4 1.633 8,765 624.9 31.0
1353.7 1.667 8.619 629.1 32.7
1424.5 1.633 8.026 682.4 36.9
1527.7 1.817 8.324 623.9 38.2
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FA.R-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) f )

1564.6 1.958 8.761 570.9 37.1
1629.3 2.1.50 9.237 516.8 36.7
1649.3 1.867 7.922 646.7 43.3
1672.4 1.867 7.813 655.8 44.5
1700.2 1.950 8.029 624.4 44.0
1703.2 1.883 7.740 659.0 45.8
1863.4 1.892 7.106 716.2 54.5
1885.0 2.050 7.613 642.2 51.5
2031.3 2.067 7.122 683.7 59.3
2189.9 2.850 9.110 455.1 50.0
2240.7 2.467 7.706 578.4 60.5
2334.6 2.425 7.271 618.2 66.8
2559.5 2.508 6.860 644.3 77.6
2667.3 2.808 7.370 566.8 75.3
2762.8 2.167 5.490 866.3 104.7
2902.9 2.275 5.486 846.0 110.1
2938.3 2.992 7.127 567.8 85.8
2958.3 2.703 6.397 665.6 96.2
3394.2 4.025 8.301 420.3 85.0
3554.3 3.725 7.336 494.4 100.8
4210.4 3.783 6.290 572.1 139.2

""1 4304.3 4.508 7.332 449.7 122.1
7621.5 5.450 5.006 599.0 316.7
9229.2 4.942 3.748 840.1 512.2

10487.4 5.092 3.399 912.8 641.9
29215.3 12.200 2.925 684.9 2077.5

1453.8 1.500 7.223 791.3 41.9
1672.4 1.800 7.534 692.5 46.2
1746.4 1.990 7.977 622.1 45.5
2083.6 2.620 8.802 491.3 49.2
2092.9 1.940 6.489 774.5 67.1
2209.9 2.900 9.439 429. 48.7
2331.6 2.480 7.446 597.0 65.1
2465.5 2.560 7.268 601.9 70.6
3013.8 3.340 7.758 493.7 80.8
3152.4 2.920 6.484 631.8 101.1
4133.4 4.180 7.079 483.7 121.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80*
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) rea (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

4667.7 4.440 6.658 498.9 145.8
1275.1 1..800 9.881 528.0 26.8
1367.5 1.800 9.214 566.3 30.9
1443.0 1.360 6.597 909.8 45.5
1239.7 1.140 6.437 1018.5 40.1
1247.4 1.320 7.407 822.5 35.0
1275.1 1.660 9.113 596.2 29.1
1401.4 2.000 9.990 495.5 29.2
"1974.3 2.180 7.729 613.4 53.1
2216.1 2.040 6.444 760.6 71.5
2628.8 2.840 7.562 549.3 72.3
1355.2 1.620 8.368 657.3 33.7

771.5 1.212 10.998 578.1 14.6
1332.1 2.135 11.217 427.1 24.7
1336.7 2.285 11.967 387.0 23.2
1307.5 2.147 11.496 415.5 23.7:,j 810.0 1.529 13.209 428.6 12.6
867.0 1.428 11.532 507.9 15.6
885.5 1.551 12.264 458.2 15.0
893.2 1.515 11.873 479.0 15.6
997.9 1.563 10.964 510.7 18.9

1098.0 1.732 11.041 481.8 20.7
1171.9 1.586 9.471 586.9 25.7
1253.6 1.701 9.497 565.1 27.5
773,1 1.069 9.681 699.2 16.6
777.7 1.132 10.191 645.5 15.9
799.3 1.335 11.696 517.9 14.2
803,9 .832 7.241 1060.2 23.1
808.5 1.027 8.096 776.3 18.9
814.7 1.386 11.910 409.2 14,2
816.2 1.066 9.144 741.4 18.6
825.4 1.119 9.489 697.4 10.1
828.5 1.043 8.814 777.6 19.6
830.1 1.263 10.655 584.5 16.2
833.1 1,277 10.727 577.6 16.2
834.7 .958 8.030 889.6 21.6
834.7 1.364 11.441 523.8 15.2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt" (gr) Area (in. 2 ) (in. 2 /lb.) (gr/in. 3 ) (ft/lb)

857.8 1.169 9.541 678.5 18.7
862.4 .923 7.495 971.9 23.9
882.4 1.343 10.654 567.0 17.2

888.6 .996 7.846 894.0 23.6
899.4 1.168 9.088 712.8 20.6
924.0 1.082 8.198 820.8 23.4
925.5 1.193 9.025 710.0 21.3

934.8 1.045 7.825 875.2 24.8
945.6 1.004 7.435 939.5 26.5
951.7 1.152 8.474 769.6 23.4
956,3 .950 6.951 1033.5 28.6
979.4 1.035 7.398 930.1 27.5
991.8 1.381 9.747 611.2 21.2
999.5 1.167 8.176 792.3 25.4

1122.7 1.145 7.140 916.2 32.7
1201.2 1.321 7.697 791.3 32.5
1242.8 1.417 7.980 736.9 32.4
1364.4 2.120 10.876 442.0 26.1
1381.4 1.460 9.932 503.4 28.9
1481.5 1.540 7.277 775.2 42.3
1532.3 2.210 10.096 466.4 31.6
1589.3 1.790 7.884 663.6 4).9
1607.8 1.420 6.183 950.1 54.1
1654.0 2.150 9.099 524.6 37.8
1680.1 1.300 5.416 1133.5 64.5
2075.9 2.020 6.811 723.1 63.4
2092.9 1.817 6.076 854.7 71.6
2136.0 1,920 6.292 802.9 70.6
2217.6 3.140 9.912 390.6 46.5
2545.6 2.370 6.517 697.7 01.2
2667,3 2.980 7.821 518.5 70.9
3899.8 1.992 4.808 1031.7 125.5
3007.6 2.670 6.214 689.4 100.7
3180.1 2.400 5.283 855.3 125.2
3289.4 2.517 5.356 823.9 127.8
3395.7 1.800 3.711 1406.1 190.3
3520.4 3.730 7.417 488.7 98.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 tu 2300 ft

Impact
:Werage Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

3799.2 3.158 5.819 676.9 135.8
3996.3 3.200 5.605 698.1 148.3
4124.1 3.217 5.460 714.9 157.1
4715.5 2.983 4.429 915.1 221.5
4895.7 3.217 4.599 848.6 221.4
5733.4 4.180 5.103 670.9 233.76083.0 4.242 4.881 696.3 259.2

774.6 1.265 11.428 544.7 14.1
1036.4 1.688 11.398 472.7 18.9
1104.2 1.584 10.040 5548 0 22.9

S1118.0 1.586 9.931 559.7 23.4
1199.7 1.585 9.248 601.2 27.0
774.6 1.818 10.677 603.2 15.1
793.1 1.085 9.577 7016 7 17.2I'! 810.0 .958 8.9 863.8 20.4
114.7 1.032 8.869 776.9 19.1
817.7 1.029 8.807 783.6 19.3831.6 1. 344 11.315 533.6 15.3
847.0 1.197 9.894 646.6 17.8
865.5 1.212 9.806 648.3 18.4

1007.2 1.285 8.933 691,2 23.5
S1102.6 1.333 8.464 716.2 27.1

•:i1248.9 1. 350 7.566 796.2 34.3
1290.5 1.658 8.995 604.3 29.8
1538.5 1.492 6.787 844.5 47.1
1703.2 1.783 7.329 715.2 48.3
1727.9 1.850 7.495 686.7 40.0
1869.6 1.733 6.490 819.2 59.9
2365.4 2.208 6.535 720.8 75.3
2671.9 2.533 6.637 662.6 83.7
3056.9 3.042 6.965 576.3 91.3
4610.8 4.208 6.389 534.1 150.1
6571.2 4.700 5.007 644.9 273.0
7410.5 5.458 5.156 581.1 298.9
9578.8 6.142 4.488 629.3 443.9

332.6 .491 10.332 966.8 6.7
334.2 .567 11.877 782.7 5.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

349.6 .623 12.475 710.9 5.8
351.1 .660 13.158 654.8 5.6
371.1 .'655 12.354 700.1 6.2
374.2 .556 10.400 902.6 7.5
374.2 .613 11.467 779.7 6.8
392.7 .626 11.159 792.9 7.3
400.4 .706 12.343 675.0 6.7
417.3 .783 13.133 602.3 6.6
418.9 .707 11.815 704.6 7.4
422.0 .699 11.59% 722.0 7.6
426.6 .718 11.782 701.2 7.5

429.7 .711 11.584 716.7 7.7
474.3 .710 10.478 792.8 9.4
474.3 .759 11.201 717.3 8.8
478.9 .770 11.254 708.8 8.9
497.4 .774 10.892 730.5 9.5
512.8 .729 9.951 823.9 10.7
514.4 .742 10.098 804.8 10.6
514.4 .833 11.336 676.5 9.4
519.0 .726 9.792 839.0 11.0
529.8 1.020 13.478 514.3 8.2
979.4 .709 5.067 1640.6 40.2
576.0 .754 9.164 879.7 13.1
579.0 .938 11.339 637.4 10.6
606.8 1.090 12.575 533.2 10.0
614.5 .940 10.709 674.2 11.9
642.2 .803 8.753 892.4 15.3
859.1 .974 10.344 685.7 13,3
660.7 .894 9.472 781.6 14.5
662.2 .968 10.233 695.3 13.5
686.8 .904 9.213 791 15.5
697.6 .878 8.810 040.0 16.5
723.9 .995 9.623 729.3 15.6
731.5 1.100 10.526 634.1 1445
739.2 1.020 9.659 717.6 15.9
740.7 1.160 10.962 592.9 14.1
742.3 1.140 0.751 609.8 14.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR SIXTEEN-PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-80o
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1192.0 1.756 10.310 512.5 24.0
822.4 1.325 11.276 539.4 15.2
827.0 1.032 8.737 788.6 19.7
940.9 1.164 8.656 749.7 22.6
945.6 1.149 8.505 767.9 23.1
979.4 1.497 10.700 534.7 19.0
984.1 1.240 8.821 712.7 23.2

1059.5 1.177 7.773 830.2 28.4
1074.9 1.271 8.279 749.9 27.0
1155.0 1.432 8.680 673.9 27.7
1156.5 1.441 8.724 668.3 27.6S1178.1 1.360 8.084 742.4 30.3

| 1213.5 1.312 7.568 807.5 33.4
••°'1247.4 1.505 8.448 675.3 30.7

1392.2 1.940 9.755 515.2 29.7
1399.9 1.060 5.301 1282.7 54.9
1510.7 1.810 8.387 620.4 37.5
1567.7 1.430 6.385 916.8 51.1
1908.1 1.208 4.433 1436.5 89.5
1958.9 2.320 8.290 554.3 49.1
2394.7 1.960 5.729 872.7 86.9
2918.3 3.180 7.628 514.6 79.6
3137.0 3.000 6.694 603.7 97.5
4119.5 3.080 5.234 762.1 163.7
4750.9 3.480 5.127 731.8 192.7
7971.0 2.190 1.923 2459.5 862.1
930.2 1.106 8.322 799.9 23.2

1042.6 1.260 8.459 737.3 25.6
2111.3 1.283 4.25S 1452.3 103.2
2972.2 2.720 6.406 662.6 96,5
1435.3 1.850 9.023 570.4 33.1
1726.3 1.617 6.555 839.8 54.8
2254,6 1.742 5.400 980.9 86.7
2254.6 2.200 6.831 690.9 68.7
2314.6 2.092 6.326 765.1 76.1
3073.8 2.942 6.699 609.2 95.4
8599.4 3.817 3.107 1153.3 575.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOXR SIXTEEN-PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 70-800
Range: 500 to 2300 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

482.0 .642 9.323 937.0 10.8
502.0 .698 9.732 860.9 10.7
954.8 1.148 8.416 776.3 23.6

8741.0 4.567 3.657 895.7 497.2

925.5 1.118 8.452 783.4 22.8
1236.6 1.257 7.114 877.7 36.2
1577.0 1.808 8.027 648.5 40.9

1871.1 2.217 8.293 567.0 46.9
1954.3 2.217 7.940 392.2 51.2
2778.2 2.917 7.349 557.7 78.6
4903.4 2.992 4.271 947.6 238.8
6432.6 5.533 6.021 494.2 222.2
8165.1 5.500 4.715 633.0 360.2
2462.5 1.942 5.520 910.1 92.8
1079.5 1.472 9.545 604.4 23.5
1723.3 1.633 6.6 825.5 54.0
3140.1 2.767 6.168 682.3 105.9
2912.1 3.100 7.452 533.5 81.3
8248.2 7.083 6.011 437.5 285.4

Total number of fragments - 574

Average ballistic density for all fragments * 715.9

Average gamma for all fragments - 9.756

Number of hazardous fragments in zone ' 86
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

Location: White Sands Missile Range, NM

Date: 19 March 1980

Collection Zone: Azimuth: 90-95°
Range: 500 to 2700 ft

Fragment No.
Wt. (gr) Fragment

0- 308 2222
308 - 500 724

500 - 600 504

600 - 700 448
700 - 800 395
800 - 900 348

900 - 1000 310
1000 - 1200 274

1200 - 1400 242
1400 - 1700 208

1700 - 2000 171
2000 - 2500 145
2500 - 3000 116
3000+ 94
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

Collection Zone: Azimuth: 90-95°
Range: 700 to 900 ft

Fragment No.
Wt. (gr) Fragment

0 - 308 461
308 - 770 131
770 - 1078 64

1078 - 1540 38

1540 - 2310 27
2310 - 3080 16
3080+ 10

Collection Zone: Azimuth: 90-95o
Range: 900 to 1100 ft

Fragment No.
Wt. (gr) Fragment

0 - 308 305
308 - 770 137
770 - 1078 63

1078 - 1540 43

1540 - 2310 29
2310 - 3U60 18
3080+ 15

Collection Zones Azimutht 90-950
Rae•gt 1100 to 1500 it

Fragment No,

0 - 308 272
308 - 770 212

,'I.W 770 - 1078 109
1078 - 1540 87

1540 - 2310 68
2310 - 3080 47
3080+ 34
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
:i•',(Continued)

Collection Zone: Azimuth: 90-950
Range: 1500 to 1900 ft

Fragment No.
Wt. (gr) Fragment

0 - 308 73
308 - 770 69
770 - 1078 50

1078 - 1540 41

1540 - 2310 28
2310 - 3080 22
3080+ 15

Collection Zone: Azimuuth: 90-951
Range: 1900 to 2300 ft

"Fragment No.
Wt. (gr) Fragment

0 - 308 27
308 - 770 26
"770 - 1078 25

1078 - 1540 23

1540 - 2310 22

2310 - 3090 18

3080+ 17

I



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

BFILL,1SUC DATA

Collection ?.cne: Nzimuth: 60-701
Range: 5OU to 27U0 ft

Impact~
Average Ballistic Kinetic

Fragment Prese.rtei: Gamma Density Energy

311.08 ..72 16.2 511.1 4.0
312.62 .64 14.3 610.6 4.5
312.62 .61 13.7 649.8 4.7
312.62 .56 12.4 754.1 5.2
314.16 .74 16.4 496.5 4.0
318.78 .66 14,4 598,6 4.6
324.94 .57 12.3 753.1 51.5
326.48 .AS 10.4 972.6 61.6
332,64 .82 .17.3 446.3 4.0
332.64 .51 10.6 926.9 6.5
332.64 .58 12.2 755,0 5.7
341.88 .89 18.3 404.53.

344.96 SO0 10.1 978.6 7.J.
344.96 .75 15.2 532.2 4,7

3-.0! .60 12.1 7415.1 6.0
355.7 .5711.3 814,0 6

3S.2 .54 10. 6 899.2 7.1
360.06 .77 14.7 542).6 5.2
368. 0C .69 13.0 6'.59
381.92 .59 1 " 15 .

306.4 67144 67.
30 .6 85l9 .1" 7.6

V~7.3 1.07 18.9 5. .
390.8 66 4 134 42A .4
401.94 .77 i3.4 510.2 6.3
401.94 .76 58~.ii4.6 6.2
405,02 .6s . 778.3 7.5
411.18 8 1. 7 04 .C 7.7
417.34 '8 4.(, 513.4 5.9

.7712.9 618.7 6.8
421.96 -13.3 587.5 6.6
425.04 .75 12.3 655.7 7.2
432.,74 .S12.1 664.9 7.4
432.74 .59 9.5 967.1 9.5
40.1.90 .71 11.3 738.3 8.1
449.60 .813.7 545.7 6.8
455.84ý 70 10.7 700.0 8.8

4..6 .84 12.? 600.2 7.5



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collectio.n Zone: Azimute: 60-704
Rapge: 500 to 2700 f-

Impact
Average Ballistic Kinetic

Fragment Presented GammW Density Energy
iWt. (gr) Area (in, 2 ) (in. 2 /b) (gr/in.3) U(tlb)

468.16 1.01 15.1 461.2 6.4468.16 .91 13.7 536.6 7.1475.86 .79 11.7 672.6 8.5
475.86 1.09 16.0 418.2 6.2488.18 1.02 14.6 473.9 6.9S489.72 .7427 . .

48.7 .410.6 767.8 9.6489.72 .72 10.3 795.0 9.8
491.26 .78 11.2 709.0 9.2495.88 1.12 15.8 418.4 6.5495.88 .99 13,9 504.9 7.4506.66 .76 10,4 770,8 10.1"518, 8 .69 9.3 899.6 11.s
520.52 .78 10.5 751.3 10.3523.60 1.05 14.0 486.6 7,8539.00 .84 10.9 696.4 10,2
551l32 .97 12.4 573.5 9.3551,32 .78 9.9 800.3 11.6557.48 .87 11.0 682.3 10.6602,14 .82 9.5 813.9 13.2
662.,20 .14 12.1- 544.0 11,4663.74 .77 8.1 926.2 17.0
676.06 1.41 14.6 403.8 9.6
756.14 .92 8.5 856,•) 18.5776.16 .90 8.1 909.0 19.9780.78 1.12 10.0 658.7 16.2
854.70 1.50 12.3 465.2 14.5
871.64 1.29 10.4 594.9 17.5
882.42 1.15 9.1 715.5 20.1894.74 1.45 11.3 512.4 16.4
897.82 1.10 8.6 771.2 21.8951.72 1.16 8.5 761.8 23.21044.12 1.46 9.8 591.9 22.2

1156.54 1.25 7.6 827.6 31.81235.08 1.71 9.7 552.3 26.51250.48 1.67 10.5 469.0 24.8
21252.02 1.64 9.2 596.1 28.4
1279,74 1.58 8.6 644.4 30.9
1395.24 1.63 .2 670.5 35.5



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700

Range: 500 to 2700 ft

Impact

Average Ballistic Kinetic
Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /ib) (gr/i. 3 ) (ft/lb)

1402.94 1.25 6.2 1003.9 46.8
1646.26 1.62 6.9 798.4 49.7
1660.12 1.46 6.2 941.0 56.1
1683.22 1.63 6.8 808.8 51.6
1743.28 2.34 9.4 487.0 38.6
1803.24 1.62 10.2 425.2 36.9
1894.20 1.66 6.1 885.7 64 2
1925.00 2.35 8.5 534.4 46.9
2077.46 1.91 6.4 787.0 67.1
2177.56 2.05 6.6 741.9 68.7
2915.22 1.88 4.5 1130.9 134.3
2990.68 1.99 4.7 1065.3 133.6
3374.14 3.55 7.4 504.5 95.3
5733.42 3.57 4.4 850.0 273.6
7056.28 4.28 4.2 796.9 345.7

13493.48 5.35 2.8 1090.4 1011.3
14891.80 6.07 2.9 995.8 1085.6
15800.40 9.09 4.0 576.5 816.1

2277.66 11.00 33.8 62.4 14.0
326.48 .70 15.0 556.3 4.5
334.18 .62 12,9 687.9 5.4
335.72 .68 14.1 601.4 4.9
340.34 .64 13.2 663.2 5.4
343.42 .62 12.6 708.6 5.7
344.96 .83 16.8 457.9 4.3
348.04 .66 13.2 655.0 5.5
348.04 .53 10.7 891.9 6.7
352.66 .72 14.3 576.0 5.1
360.36 .59 11.4 797.2 6.6
361.90 .65 12.6 690.6 6.0
364.98 .62 11.8 753.1 6.4
377.30 .61 11.3 790.0 6.9
380.38 .68 12.6 673.9 6.3
394.24 .74 13.2 615.6 6.2
397.32 .60 10.6 848.5 7.8
400.40 .74 13.0 625.2 6.4
400.40 1.11 19.4 342.4 4.3

B-1 23



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 50-70*
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in.2 /lb), (gr/in.3 ) (ft/lb)

405.02 .70 12.0 697.5 7.0
412.72 .79 13.3 593.4 6.4
426.58 .67 10.9 784.9 8.1
438.90 .90 14.3 515.8 6.4
440.44 .66 10.5 815.9 8.7
452.76 .88 13.6 546.6 6.9
474.32 1.47 21.7 266.1 4.5
474.32 .90 13.2 560.2 7.5
486.64 .65 9.3 937.3 10.9
506.66 .74 10.3 792.7 10.3
518.98 1.10 14.8 449.8 7.3
574.42 1.02 12.4 557.6 9.6
640.64 1.10 12.0 555.3 11.1
648.34 1.50 16.2 352.9 8.3
652.96 1.49 16.0 359.0 8.5
660.66 1.06 11.2 605.4 12.2696.08 .87 8.8 856.3 16.5
697.62 1.11 11.1 596.5 13.0
699.16 1.08 10.8 622.9 13.4
709.94 1.00 9.8 714.2 15.0
728.42 1.27 12.2 509.0 12.4
757.68 1.15 10.6 614.4 14.8
763.84 .99 9.1 774.3 17.5
763.84 1.10 10.1 662.1 15.8
831.60 1.08 9.1 740.9 19.0
887.04 1.54 12.2 464.2 15.2897.82 1.35 10.5 572.4 17.7
953.26 1.84 13.5 381.9 14.7
974.82 1.08 7.8 868.5 26.1
993.30 1.73 12.2 436.5 16.9
996.38 1.18 8.3 777.3 25.0

1007.16 1.44 10.0 582.8 20.9
1096.48 1.02 6.5 1064.4 35.0
1124.20 1.40 8.7 678.7 26.8
1124.20 1.31 8.2 678.7 26.81162.70 1.98 11.9 417.3 20.3
1211.98 1.36 4 64.2 32.1
1224.30 1.48 8.5 680.0 30.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

"Collection Zone: Azimuth: 60-700

Range: 500 to 2700 ft

impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1352.12 1.79 9.3 564.6 30.3
1389.08 1.95 9.8 510.1 29.4
1479.94 1.71 8.1 661.8 38.1
1686.30 1.39 5.8 1029.0 60.8
2360.82 2.44 7.2 619.4 67.9
2753.52 2.04 5.2 945.0 110.4
3948.56 3.41 6.0 627.1 135.9
6221.60 3.18 3.6 1097.1 361.7
8109.64 4.81 4.2 768.7 406.3

12235.30 7.10 4.1 646.7 626.5
308.00 .53 12.1 793.7 5.3
309.54 .93 21.0 346.8 3.1
315.70 .84 18.7 407.9 3.5
317.24 .52 11.4 855.9 5.8
317.24 .53 11.7 822.2 5.6
318.78 .57 12.4 750.6 5.3
318.78 .63 13.8 637.5 4.8
320.32 .74 16.1 505.2 4.1
328.02 .74 15.7 517.4 4.3
337.26 .50 10.3 968.4 6.8
"346.50 .84 16.9 450.9 4.3
348.04 .61 12.2 734.1 5.9
351.12 .75 15.0 538.4 4.9
360.36 .59 11.5 787.1 6.5
368.06 .75 14.2 571.2 5.4
369.60 .53 10.1 947.2 7.6
375.76 .56 10.4 903.9 7.5
375.76 .73 13.7 597.5 5.7
377.30 .93 17.2 423.4 4.6
378.84 .70 13.0 641.4 6.1
388.08 1.08 19.5 345.8 4.1
401.94 .80 14.0 559.6 6.0
405.02 .60 10.3 880.3 8.2
408.10 .60 10.2 889.2 8.3
411.18 .66 11.3 765.1 7.6
411.18 .69 11.7 719.0 7.3
415.80 .60 10.1 894.7 8.6
418.88 .60 10.0 910.4 8.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70*
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

421.96 .86 14.2 533.7 6.2
423.50 .69 11.3 747.0 7.8
432.74 .93 15.0 484.9 6.0
435.82 .83 13.4 573.2 6.8
440.44 .78 12.3 644.3 7.4
458.92 .75 11.4 713.7 8.4
468.16 .81 12.1 644.6 8.1
469.70 .77 11.5 691.1 8.5
498.96 .66 9.3 928.5 11.2
498.96 .79 11.1 709.3 9.4
526.68 1.04 13.8 496.6 7.9
551.32 .82 10.4 747.9 11.1
555.94 .74 9.3 876.9 12.4
563.64 .70 8.6 970.7 13.6
585.20 .75 8.9 910.1 13.7
617.54 .90 10.2 726.9 12.6
620.62 1.13 12.7 516.7 10.1
645.26 .94 10.2 704.6 13.1
654.50 .93 10.0 726.3 13.6
719.18 1.29 12.6 490.9 11.9
731.50 1.10 10.5 634.1 14.5
771.54 1.60 14.5 381.2 11.1
799.26 1.50 13.1 435.1 12.7
803.88 1.29 11.2 548.7 14.9
874.72 1.63 13.0 420.3 13.9
944.02 1.28 9.5 651.9 20.7
980.98 1.09 7.8 862.0 26.2

1021.02 1.93 13.2 380.8 16.1
1033.34 1.70 11.5 466.2 18.7
1116.50 1.28 8.0 771.0 28.9

1182.72 1.99 11.8 421.3 20.9
1199.66 1.71 10.0 536.5 25.0
1210.44 1.38 8.0 746.7 31.5
1230.46 1.65 9.4 580.6 27.3
1253.56 1.39 7.8 764.9 33.6
1272.04 1.81 10.0 522.4 26.6
1299.76 2.34 12.6 363.1 21.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/Ib)

1302.84 1.57 8.4 662.3 32.1
1401.40 1.43 7.1 819.5 40.8
1572.34 2.11 9.4 513.0 34.8
1652.42 1.90 8.0 630.9 42.7

11675.52 1.75 7.3 723.8 47.7
1730.96 1.63 6.6 831.8 54,6
2068.22 1.67 5.7 958.3 76.1
2702.70 2.38 6.2 736.1 91.2
3529.68 3.12 6.2 640.5 118.7
3873.10 2.18 3.9 1203.3 204.5

15731.10 8.23 3.7 666.3 893.5
311.08 .40 9.0 1229.7 7.2
314.16 .48 10.7 944.7 6.1
315.70 .49 10.9 920.4 6.0
315.70 .35 7.8 1524.7 8.5
317.24 .48 10.6 954.0 6.2
317.24 .38 8.4 1354.3 7.9
317.24 .42 9.3 1165.5 7.1
317.24 .54 11.9 799.5 5.5

318.78 .59 13.0 703.4 5.1
321.86 .48 10.4 967.8 6.4
321.86 .63 13.7 643.7 4.9
323.40 .36 7.8 1497.2 8.6
323.40 .38 8.2 1380.6 8.2
326.48 .49 10.5 951.8 6.5
326.48 .44 9.4 1118.6 7.2
"328.02 .38 8.1 1400.3 8.4
328.02 .44 9.4 1123.9 7.3
328.02 .71 15.2 548.3 4.5
329.56 .60 12.7 709.1 5.4
331.10 .37 7.8 1471.1 8.8
334.18 .54 11.3 842.2 6.1
334.19 .42 8.8 1227.7 7.9
334.18 .55 11.5 819.3 6.0

Y 335.72 .57 11.9 780.1 5.9
335.72 .66 13.8 626.1 5.1
337.26 .53 11.0 874.1 6.4
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A

FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

SFragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

338.80 .42 8.7 1244.7 8.1
341.88 .50 10.2 967.0 6.9
341.88 .49 10.0 996.7 7.1
344.96 .50 10.1 975.7 7.1
346.50 .69 13.9 604.5 5.2
349.58 .47 9.4 1084.9 7.7
351.12 .64 12.8 685.8 5.7
352.66 .46 9.1 1130.4 8.0
354.20 .81 16.0 485.9 4.6
354.20 .40 7.9 1400.1 9.3
357.28 .48 9.4 1074.4 7.9
358.82 .38 7.4 1531.8 10.1
361.90 .45 8.7 1198.9 8.6
372.68 .50 9.4 1054.1 8.3
372.68 .44 8.3 1276.9 9.4
372.68 .66 12.4 695.1 6.3
378.84 .63 11.6 757.6 6.8
385.00 .48 8.7 1157.7 9.2
386.54 .47 8.5 1199.6 9.4
386.54 .79 14.3 550.5 5.6
388.08 .71 12.8 648.7 6.3

)ýj 389.62 .52 9.3 1039.0 8.7
391.16 .62 11.1 801.2 7.3
395.78 .67 11.9 721.7 6.9
395.78 .57 10.1 919.7 8.2
395.78 .46 8.1 1268.6 10.1

¶ 398.86 .42 7.4 *1465.4 11.3
400.40 .58 10.1 906.5 8.2
401.94 .69 12.0 701.3 7.0
408.10 .70 12.0 696.8 7.1
409.64 .43 7.3 1452.8 11.6
412.72 .91 15.4 475.4 5.6
412.72 .55 9.3 1011.8 9.2
414.26 .83 14.0 547.8 6.1
420.42 .45 7.5 1392.7 11.7
421.96 .65 10.8 805.2 8.1
423.50 .59 9.8 934.5 9.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact

Average Ballistic Kinetic
j Fragment Presented Gamma Density Energy

Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

425.04 .46 7.6 1362.4 11.7
426.58 .48 7.9 1282.7 11.3
429.66 .43 7.0 1523.8 12.8
432.74 .62 10.0 886.4 9.0
432.74 .78 12.6 628.2 7.1
440.44 .48 7.6 1324.4 12.0
448.14 .53 8.3 1161.4 11.3
457.38 .51 7.8 1255.8 12.2
462.00 .55 8.3 1132.7 11.5
465.08 .63 9.5 930.1 10.2
465.08 .74 11.1 730.6 8.7
466.62 .54 8.1 1175.9 12.0
469.70 .60 8.9 1010.6 10.9
477.40 .89 13.0 568.6 7.6
480.48 .57 8.3 1116.5 12.0
492.80 .87 12.4 607.3 8.3
494.34 .77 10.9 731.6 9.4
498.86 .91 12.8 574.8 8.1
503.58 .83 11.5 666.0 9.1
511.28 .93 12.7 570.1 8.4
532.84 .82 10.8 717.6 10.3
534.38 1.01 13.2 526.5 8.4
535.92 .87 11.4 660.4 9.8
535.92 .63 8.2 1071.7 13.5
537.46 .87 8.7 980.0 12.8
537.46 .77 10.0 795.4 11.1
563.64 .75 9.2 867.8 12.6
571.34 .85 10.4 729.1 11.4
571.34 .95 11.6 617.0 10.2
589.82 .65 7.7 1125.5 i3.9
595.98 .80 9.4 832.9 13.2
600.60 .98 11.4 619.1 10.9
603.68 .73 8.5 967.9 14.8
603.68 .82 9.5 813.0 13.2
605.22 .92 10.6 685.9 11.8
611.38 1.00 11.4 611.4 11.1
611.38 1.13 12.9 509.0 9.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in.2/ib) (gr/in,3) (ft/lb)

614.46 .85 9.7 784.1 13.2
637.56 1.00 11.0 637.6 12.1
639.10 .80 8.8 893.2 15.2
665.28 .63 6.6 1330.4 20.9

668.36 .97 10.2 699.6 13.7
6ý2.22 .95 9.7 736.8 14.6
682.22 .77 7.9 1009.7 18.0
686.84 1.05 10.7 638.4 13.4
688.38 1.15 11.7 558.2 12.2
689.92 .80 8.1 964.2 17.7
696.08 1.07 10.8 628.9 13.5
709.94 .85 8.4 905.9 17.6
743.82 1.27 12.0 519.7 12.9
748.44 .82 7.7 1007.9 20.3
751.52 .75 7.0 1157.0 22.4
757.68 .90 8.3 887.4 19.0
759.22 1.08 10.0 676.4 15.9
'793.10 1.17 10.3 626.7 16.0
810.04 .75 6.5 1247.1 26.0
813.12 .88 7.6 985.0 22.3
845.46 .90 7.5 M90.2 23.6
910.14 1.28 9.8 628.5 19.2
967.12 1.68 12.2 444.1 16.5

1010.24 .99 6.9 1025.6 30.6
1013.32 1.73 12.0 445.3 17.6
1057.98 1.08 7.1 942.6 30.8
1067.22 .92 6.0 1209.4 36.8
1087.24 1.16 7.5 870.2 30.3
1161.16 1.09 6.6 1020.4 36.8
1173.48 .96 5.7 1247.6 42.6
1187.34 1.68 9.9 545.3 24.9
1213.52 .94 5.4 1331.5 46.6
1221.22 1.30 7.5 823.9 34.1
1242.78 .99 5.6 1261.7 46.4
1248.94 1.58 8.9 628.9 29.3

.. 1250.48 1.35 7.6 797.2 34.4
1270.50 1.43 7.9 743.0 33.5
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FAR-FIELD FRAGMENT COLLECTION DATA POR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact

Average Ballistic Kinetic
Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /ib) (gr/in. 3 ) (ft/lb)

1278.20 1.30 7.1 862.4 37.3
1312.08 1.23 6.6 961.8 41.6
1350.58 1.55 8.0 699.9 35.0
1365.98 1.83 9.4 551.8 30.3
1540.00 1.68 7.6 707.2 41.9
1669.36 1.73 7.3 733.6 47.9
1683.22 1.85 7.7 668.9 45.5
1721.72 1.59 6.5 858.8 55.4
1757.14 1.87 7.4 687.1 49.1
1760.22 2.77 11.0 381.8 33.2

1834.14 1.88 7.2 711.5 53.2
1901.90 2.03 7.5 657.6 52.9
1903.44 2.88 10.6 389.4 37.4
2051.28 2.07 7.1 688.8 60.4
2339.26 2.00 6.0 827.1 81.3
2491.72 3.02 8.5 474.8 61.1
2713.48 2.68 6.9 618.5 81.6
2832.06 3.52 8.7 428.8 67.7

2841.30 3.78 9.3 386.6 63.5
3010.70 2.29 5.3 868.8 117.6
3426.50 2.32 4.7 969.7 150.4
4341.26 3.71 6.0 607.5 150.9
4931.08 4.08 5.8 598.3 177.1
5228.30 4.06 5.4 639.1 200.1
5283.74 4.01 5.3 658.0 206.9
8739.50 5.22 4.2 732.8 434.8

11676.28 5.58 3.3 885.8 726.0
12304.60 7.41 4.2 610.0 607.1
14402.08 6.83 3.3 806.9 902.4

309.54 .65 14.6 593.7 4.4
314.16 .63 14.1 627.3 4.7
314.16 .61 13.7 652.8 4.8
318.78 .49 10.9 917.3 6.1
323.40 .56 12.2 762.4 5.5

323.40 .53 11.6 826.8 5.8
326.48 .61 13.1 680.6 5.2
326.48 .53 11.5 835.1 5.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

337.26 .50 10.3 960.9 6.8
338.80 .56 11.5 313.2 6.1
341.88 .73 14.9 551.9 4.8
343.42 .56 11.4 825.4 6.3
346.50 .53 10.7 897.5 6.7
354.20 .58 11.4 807.4 6.5
360.36 .60 11.6 779.8 6.5
"361.90 .61 11.8 762.6 6.4
361.90 .62 12.0 744.9 6.3
366.52 .57 10.9 851.6 7.0
369.60 .56 10.6 886.0 7.3
371.14 .68 12.8 666.0 6.0
374.22 .67 12.5 686.2 6.2
375.76 .68 12.7 664.7 6.1
375.76 .65 12.2 7108.9 6.4
378.84 .72 13.3 623.2 5.9
381.92 .66 12.1 715.9 6.6
386.54 .61 11.0 818.3 7.3
392.70 .69 12.2 690.6 6.7
409.64 .60 10.3 876.0 8.3

•i415.80 .61 10.2 877.5 8,5

420.42 .59 9.9 922.3 8.9
441.98 .57 9.0 1024.6 10.2
451.22 .63 9.8 893.5 9.5
452.76 .66 10.2 844.7 9.2
466.62 .68 10.2 820.5 9.5
475.86 .65 9.5 918.2 10.4
483.56 .63 q.1 976.8 11.1
485.10 .74 10.7 764.8 9.5
486•46 .63 9.1 964.5 11.1
494.34 .76 10.7 748.8 9.6
514.36 .74 10.0 813.7 10.7
537.46 .74 9.7 840.4 11.6
548.24 .77 9.9 807.8 11.6
565.18 .81 10.0 777.2 11.7
572.88 .78 9.6 827.8 12.5
574.4k .79 9.7 814.6 12.4
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70*
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energ y
wt. (gr) Area (in. 2 ) (in. 2 /1b) (gr/in. 3 ) (ft/lb)

586.74 .78 9.3 846.1 13.1
602.14 .78 9.1 876.5 13.8
603.68 .79 9.2 861.0 13.7
612.92 .81 9.3 839.1 13.8
637.56 .74 8.2 995.5 16.3
643.72 .81 8.8 879.7 15.2
663.74 .89 9.4 785.2 14.6

700.70 .90 9.0 825.5 16.3
726.88 .84 8.1 938.4 18.6
776.16 .86 7.7 976.0 20.9
796.18 .90 7.9 930.1 20.9
894.74 1.03 8.0 858.8 13.1
"329.56 .70 14.9 563.1 4.6
334.18 .59 12.4 729.6 5.6
334.18 .78 16.4 484.5 4.3
337.26 .69 14.3 587.4 4.9
340.34 .62 12.7 699.1 5.6
341.88 .59 12.1 752.4 5.9
343.42 .66 13.5 639.7 5.3
354.20 .69 13.7 612.8 5.4
355.74 .71 14.0 592.2 5.3
358.82 .66 12.9 668.0 58
363.44 .63 12.2 718j7 6.2
364.98 .71 13.6 610.0 5.6
369.60 .78 14.7 541,6 5.2
371.14 .72 13.6 605.1 5.7
372.68 .66 12.4 694.6 6.3
372.68 .74 13.9 587.4 5.6
375.76 .80 14.8 528.4 5.3
37i.84 .67 12.4 691.5 6.4
385.00 .73 13.3 613.1 6.0

394.24 .67 11.9 719.4 6.9
426.58 .00 13.2 591.1 6.7
408.10 .80 13.8 566.5 6.2
411.18 .74 12.6 643.2 6.8
417.34 .73 12.2 670.0 7.1
428.12 .79 12.9 612.7 6.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy

mWt. (gr) Area (in. 2 ) (in. 2 /lb) (2r/in. 3 ) (ft/lb)

429.66 .8 13.2 590.7 6.8

432.74 .83 13.4 572.9 6.7
434.28 .82 13.2 584.3 6.8I451.22 .89 13.8 539.9 6.8

k 452.76 .84 13.1 583.1 7.2
457.38 .77 11.8 678.6 8.1
460.46 .85 12.9 589.3 7.4
462.00 .85 12.9 585.2 7.4
462.00 .80 12.1 648.4 8.0
463.54 .79 11.9 666.4 8.1
468.16 .82 12.3 630.4 7.9
480.48 .78 11.4 697.9 8.8
506.66 .95 13.1 550.2 8.1
515.90 .80 10.8 724.3 9.9
515.90 .99 13.4 523.7 8.0
526.68 .90 11.9 620.2 9.2
534.30 .83 10.9 701.9 10.2
543.62 .92 11.9 A12.1 9.5
"545.16 .96 12.3 582.2 9.2
560.56 1.00 12.5 562.4 9.4
572.88 .85 10.4 733.1 11.5
574.42 .87 10.6 703.6 11.2
612.92 1.02 11.7 594.5 10.9
617,54 .92 10.4 701.2 12.3
6)•7.54 .95 10.7 669.9 12.0
626.78 .94 10.4 693.2 1.1.5
632.94 1.00 11.1 631.7 11.9
640.64 .95 10.4 687.6 12.8
663.74 1.08 11.4 590.5 12.1
672.98 1.09 11.3 591.0 12.3
677.60 1.15 11.9 547.2 11.8
682.22 1.09 11.2 599.5 12.7

693.00 .91. 9.2 803.2 15,7
722.26 1.06 10.2 664.6 14.7
780.783 1.01 9.0 773.6 10.0
797.72 1.10 9.6 695.7 17.3I803.88 .92 8.0 909.4 20.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATIODN
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average ballistic Kinetit

Fragment Presented Gamma Density Ener-: 2
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (tt/ib)

848.54 1.05 8.7 786.9 20.3
857.78 .98 8.0 890.9 22.4
907.06 1.07 8.3 818.1 22.8
924.00 1.12 8.5 781.2 22.7
942.48 1.03 7.7 898.5 25.6
979.44 1.17 8.3 777.2 24.4
990.22 1.16 8.2 795.1 25.2
397.32 .85 15.0 503.5 5.5
443.52 .90 14.2 518.0 6.5

460,46 .89 13.5 548.3 7,1
463.54 .94 14.2 509.3 6.8

503.514 .95 13.2 545.8 8.0
i 506. .89 12.3 603.8 8.6
5 26. .90 13.1 541.0 U . 4
562.10 1.05 13.0 526.1 9.0
572.88 1.01 12.4 563., 9.6
589.82 1.04 12.3 556.4 9.9
603.60 1.10 12.8 520.0 9.8• 605.22 1.11 12.0 516.9 9.8

628.32 1.07 11.9 570.1 1110
642.10 1.17 12.7 508.1 10.5
643.72 1.15 12.5 520.1 10.7
660.66 1.19 12.4 51.0 19
083.76 1.04 10,7 642.4 13. _3
694.54 1.30 13.1 470.e 1,1
773.08 1.21 11.0 577.7 .
862.40 1. 20 X0.4 5107.9t 17.3
865.48 1.27 10.3 606.3 17.6

. 928.62 1.30 9.A 627.2 19.7
956.34 1.36 9.9 603.7 20.0

976.36 1.35 9.7 623.4 21.0
907.14 1.1 3. 9.8 C06.0 20.9

1022.56 1.10 8.1 7T).7 26.
1131.90 1.04 6.4 1064.7 36.5
2653.42 1.41 3.7 1589.6 140. 7
1155.00 1.73 10.5 50611 22.9
1199.66 1.44 8.4 693.0 29.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70*
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (jr/ir•) (ft/lb)

1256.64 1.37 7. 786.5 34.3
1 41.26 1 7L1 754.7 33,6

1276,.4. - ] 3 10.0 517.8 26.5
o f-. I 1 7.0 8887 38.7

0-i ;'C• 3i17 6.3 1034.3 43.5
-1• 49 7.5 762.5 38.4
1.37 6.8 884.8 43.5

4 1455.30 1.55 7.5 754.1 40.6
1476.86 1. 38 6.6 907.7 46.9
157a. 5) 1.27 5.6 1107,3 58.5
1692,46 1.65 6.8 798.5 51.6
1697.08 1.75 7.2 733.1 48.9
1741.74 1.34 5.4 1124.9 67.3
1791.02 1.45 5.7 1025.8 65.7
1814,12 1.38 51i 1115.0 70.7
1824.90 2.04 7.8 626.3 40,5
1332.60 1.65 6.3 864.7 60.5
1658W78 1.8e 6.8 759.1 54.5
1495-84 2.07 7.2 671.,6 57.3
1998.92 1.40 11.9 310.8 34.9
2176.02 1.60 5.4 999.1 83,7
2251:.48 0 :9 6.0 848.5 78.6

230.2.10 2.00 6.1 814. 78.AI2601.06 7.10 5.7 0454.7 9.
2722.72 1.63 4.7 1096. 8 1201.2
2761,22 2.60 6.6 658.6 87.1
3435.74 2.55 5.2 843.7 137.63: 501.96 2.96 5.9 607.7 123.1

3769.92 2.37 4.4 1035.4 1.79.4
4532.22 2.60 4.0 1081.1 234.8I. 4955.72 2.77 3.9 1076.9 263.8
6083.00 4.30 4.9 682.2 255.7
7030.90 3.49 3.6 9"1.Q 456.5
0249.78 4.30 3.6 925.2 470.3
8599.36 4.04 3.9 a07.2 453.8
"8670.20 3.43 2.8 1362.9 650.6
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70o
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

8808.80 4.98 4.0 791.8 462.7
9089.08 3.56 2.7 1354.1 689.9

12375.44 5.70 3.2 909.4 798.4
.17060.12 5.58 2.3 1296.0 1551.3
30763.04 12.51 2.8 695.3 2247.8
37405.06 12.90 2.4 807.3 3222.8

1087.24 1.63 10.5 524.9 21.6
1127.28 1.15 7.1 914.1 32.8
1178.10 1.44 8.6 680.6 28.6

( 1182.72 1.65 9.0 558.0 25.2
1201.20 1.62 9.4 584.4 26.5
1210.44 1.48 8.5 675..7 2q.5
1225.84 1.57 ".9 625.1 28.5
1238.16 1.76 9.9 531.0 25.9
1242.78 1.83 10.3 504.1 25.1
1248.94 1.43 8.0 727.8 32.3
1256.64 1.15 6A4 1019.0 40.8
1262.80 1.42. 7.9 748.9 33.4
1301.30 1.67 9.0 604.8 30.2
1358.28 1.72 8.8 603.9 31.9
1416.60 1.83 9.1 570.8 32.5
1504.58 1.93 9.0 559.7 34.8
1524.60 2.40 11.0 410.1 28.8
1640.10 1.C2 6.9 797.9 49.4
1660.12 1.62 6.8 807.6 50.7
1709.40 2.17 8.9 536.0 40.1
1720.18 1.68 6.9 787.6 52.2
1787.94 L,63 6.4 856.5 58.2
1846.4C 1.50 5.7 1005.1 G7.5 "
1849.54 1.30 6.8 765.9 56.5
1861.86 1.47 5.5 1048.2 70.2
1864 94 1.82 6.8 761.6 56.9
1897.28 2.13 7.9 608.9 50.1
2014.32 1.97 6.8 730.4 61.3
2263.80 2.57 7.9 550.5 59.3
2360.82 3.05 9.0 443.2 54.3
2450.14 2.10 6.0 805.1 04.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

{ BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

- 2459.38 2.68 7.6 559.5 67.0
2467.08 2.27 6.4 722.9 79.8
2511.74 1.73 4.8 1100.7 108.2
2588.74 1.95 5.3 950.7 102.1
2687.30 1.86 4.8 1060.8 115.5
2711.94 3.18 8.2 477.5 68.7
3120.04 2.05 4.6 1063.0 141.1
3150.84 2.68 6.0 716.8 109.9
3238.62 2.03 4.4 1117.0 153.3

.3465,00 2.72 5.5 773.8 131.3
4255.02 2.19 3.6 1311,4 245.5
4495.26 3.23 5.3 773.2 185.7
4641.56 2.16- 3.3 1463.8 29.5.6
4797.10 4.08 6.0 581.4 167.5
5091.24 4.37 6.0 558.0 176.4
5249.86 4.37 5.8 575.3 187.5
5453.14 2.75 3.5 1195.8 323.35453.14 3.23 4.2 937.9 27.1.3

C223.14 3.00 3.4 1197.6 383.6
7060.90 3.15 3.3 1151.6 44d.2
7481.32 5.47 5.1 5n5.3 304.2
7550.62 SAO 5.0 601.7 3)3.7
10207.32 4.70 3.3 975-7 641.2
11396.00 4.83 3.0 1072.5 798.4
.14192.64 4.68 2.3 1400.3 1218.0
16360.96 5.47 2.3 1280.0 1455.0
25659.4e 10.00 2.7 811.4 1956.4
28665.56 6.83 1.7 1604.8 3573.2
33419.54 11.07 2.3 907.8 2998.8

311.08 .68 15.3 554.1 4.2
329.56 .60 12.7 713.2 5.4
341.88 .65 13.4 645.5 5.3
361.90 .55 10.7 875.5 7.0
371.1.4 .67 12.6 676.8 6.1
395.00 .60 10.9 834.4 7.4
395.78 .72 12.8 641.8 6.4
398.86 .54 9.5 1001.1 8.7
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FAR-FIELD FRAGMENT COLLECTION DATA FUR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-70°
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

408.10 .60 10.3 883.0 8.3
414.26 .68 11.4 744.8 7.5
460.46 .63 9.5 925.1 10.0
469.70 .65 9.7 895.2 10.1
491.26 .72 10.3 802.4 9.9
514.36 .69 9.4 891.0 11.3
552.86 .69 8.8 954.2 13.1
583.66 .80 9.6 817.5 12.7
588.28 .72 8.6 955.5 14.2
606.76 .78 9.0 879.8 14.0
609.84 .77 8.8 906.9 14.4
622.16 .74 8.3 976.2 15.5
622.16 .82 9.2 842.7 14.1
403.48 .79 13.6 578.3 6.1
417.34 .74 12.4 660.0 7.0
426.58 .81 13.3 587.1 6.7
437.36 .75 12.0 675.1 7.6
443.52 .70 11.1 756.2 8.3
469.70 .73 10.9 750.8 9.0
472.78 .82 12.1 637.2 8.1
472.78 .85 12.5 607.0 7.8
478.94 .73 10.7 764.2 9.3
491.26 .75 10.6 763.2 9.6
491.26 .86 12.2 619.4 8.4
492.80 .87 12.3 608.6 8.3
494.34 .76 10.8 742.7 9.5
503.58 .77 10.7 750.1 9.8
543.62 .90 11.6 634.3 9.7
557.48 .96 12.1 591.1 9.6
568.26 .85 10.5 723.5 11.3
579.04 .92 11.1 660.8 10.9
591.36 .84 9.9 768.0 12.4
620.62 .92 10.4 705.9 12.5
625.24 .91 10.2 716.6 12.7
669.90 .95 10.0 720.1 14.0
716.10 1.02 10.0 694.6 14.9
725.34 1.03 10.0 689.5 15.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 60-700
Range: 500 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/ib)

729.96 1.01 9.6 724.3 15.8
729.96 1.27 12.2 509.9 12.5

4 751.52 1.17 10.9 594.4 14.4
759.22 .99 9.1 776.5 17.4
820.82 1.04 8.8 777.1 19.3
833.14 1.18 9.9 653.3 17.5
839.30 1.08 9.0 752.7 19.5
865.48 1.16 9.3 697.0 19.3
928.62 1.15 8.6 756.6 22.4

1007.16 1.35 9.4 643.3 22.4
1067.22 1.18 7.7 836.2 28.8
462.00 .84 12.8 596.3 7.5
545.16 1.02 13.0 533.0 8.7
592.90 1.03 12.2 567.3 10.1

617.54 .95 10.8 666.9 11.9
654.50 1.34 14.4 419.8 9.5
654.50 1.15 12.3 530.7 11.1
722.26 1.14 11.0 594.8 13.6
811.58 1.26 10.8 576.1 15.6
848.54 1.21 9.9 641.5 17.8
868.56 1.14 9.2 710.5 19.6
939.40 1.21 9.0 706.3 21.7
957.88 1.27 9.3 665.8 21.4
960.96 1.25 9.1 687.0 21.9
984.06 1.17 8.3. 773.9 24.5

1017.94 1.30 9.0 683.7 23.6

Total number of fragments = 734

Average ballistic density for all fragments = 755.0

Average gamma for all fragments 1 10.010

Number of hazardous fragments in zone 103
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

BALLISTIC DATA

Collection Zone: Azimuth: 90-95*
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt, (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

309.54 .60 13.6 661.1 4.7
311.08 .56 12.7 734.4 5.1
312.62 .66 14.7 587.0 4.4
317.24 .55 12.2 771.4 5.4
320.32 .55 12.0 787.5 5.6
320.32 .66 14.5 594.7 4.6
321.86 .58 12.6 728.7 5.3
328.02 .56 11.9 787.0 5.7
328.02 .59 12.7 718.3 5.4
"329.56 .85 18.0 421.3 3.8
331.10 .52 10.9 893.3 6.3
331.10 .64 13.4 654.3 5.1
332.64 .66 13.8 626.1 5.0
334.18 .67 14.1 605.3 4.9
335.72 .62 12.9 691.0 5.4
335.72 .57 11.8 786.3 5.9
337.26 .57 11.8 783.7 5.9
337.26 .65 13.4 649.6 5.2
340.34 .79 16.2 487.5 4.4
340.34 .56 11.5 818.7 6.2
341.88 .55 11.3 838.2 6.3
344.96 .58 11.13 774.9 6.1
352.66 .64 12.8 684.0 5.7
3A4.20 .71 14.0 592.1 5.3
354.20 .79 15.4 513,2 4.8
355.74 .75 14.7 548.8 5.0
357.29 .91 17.0 412.3 4.2
357.28 .49 9,5 1057.8 7.8
363.44 .60 11.5 785.9 6.6
369.60 .89 16.8 441.7 4.6
372.68 .65 12,1 7"19.4 6.4
377.30 .67 12.4 691.1 6.3
377.30 .64 11.9 736.9 6.6
377.30 .55 10.2 920.0 7.7
380.38 .38 7.0 1604.8 11.2
383.46 .64 11.6 754.2 6.9
383.46 .50 9.1 1087.9 8.8



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95*
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

385.00 .60 11.0 820.2 7.3
385.00 .78 14.2 556.7 5.6
385.00 .71 12.9 644.9 6.2
389.62 .76 13.6 590.4 6.0
391.16 .89 15.9 465.1 5.1
398.86 .97 17.0 417.5 4.9
400.40 1.09 19.0 353.3 4.4
400.40 .69 12.1 694.1 6.9
400.40 .79 13.7 575.7 6.1
401.94 .81 14.1 554.4 5.9
406.56 .87 14.9 503.6 5.7
406.56 .74 12.7 640.0 6.6
408.10 1.06 18.2 373.9 4.7
408.10 .93 15.9 464.5 5.3
409.64 1.02 17.4 397.7 4.9
411.18 .68 11.5 739.8 7.4
417.34 .57 9.6 969.8 9.1
420.42 .62 10.3 869.6 8.5
421.96 .78 12.9 614.9 6.8
435.82 .72 11.5 716.3 7,9
438.90 .66 10.5 824.2 8.7

n 446.60 .77 12.0 666.2 7.7
425.76 .77 11.8 675.3 8.0
457.38 .71 10.9 766.1 8.8

466.62 .81 12.8 589.2 7.6

469.70 .92 13.6 536.6 7.2
477.40 .A9 10.1 836.6 9.8
480.48 .74 10.7 762.5 9.3
489.72 .83 11.8 651.2 8.6
500.50 .87 12.2 615.7 8.5

505.12 .92 12.7 577.1 8.3
509.74 .68 9.3 915.1 11.4

514.36 1.00 1..6 512.8 7.A

515.90 .83 11.3 677.4
522.06 .80 10.7 732.3 10.1

523.60 .77 10.3 774.9 10.6
528.22 .70 9.3 901.9 11.8
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (grlin.3) (ft/lb)

542.08 .74 9.6 844.7 11.7
549.78 .95 12.1 593.7 9.5

551.32 1.01 12.8 543.2 8.9
554.40 .98 12.4 572.3 9.3
568.26 1.32 16.3 374.7 7.3
571.34 .82 10.1 768.0 11.8
574.42 .91 11.1 658.5 10.7
580.58 1.06 12.7 535.8 9.5
599.06 1.00 11.7 600.0 10.7
608.30 .78 9.0 878.0 14.0
614.46 .94 10.7 672.1 11.9
623.70 .87 9.8 764.6 13.2
637.56 .83 9.1 844.7 14.6
645.26 .79 8.6 913.7 15.6
657.58 1.00 10.7 655.6 12.8
662.20 .82 8.6 895.1 15.9
666.82 .71 7.4 1119.3 18.7
668.36 1.74 18.2 291.4 7.6
693.00 .86 8.6 876.6 16.7
694.54 1.03 10.4 666.4 13.9
702.24 1.26 12.5 499.5 11.7

716.10 .98 9.6 734.8 15.5
728.42 1.01 9.7 723.0 15.7
742.28 .99 9.3 755.8 16.6
783.86 1.06 9.5 716.2 17.2
796.18 1.28 11.2 551.1 14.7
797.72 1.21 10.6 598.6 15.6
797.72 .96 8.4 850.8 19.7
839.30 1.08 9.0 752.0 19.5
843.92 1.34 11.1 545.9 15.8
84L.54 1.05 8.7 785.3 20.3
867.02 1.21 9.7 654.6 18.5
867.02 1.08 8.7 773.6 20.7
876.26 1.02 8.1 653.1 22.4
877.00 1.16 9.2 705.3 19.8
094.74 1.01 7.9 086.7 23.6

897.82 1.14 8.9 f.7 21.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

ollection Zone: Azimuth: 90-950
Range: 500 to 700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

908.60 1.22 9.4 671.0 20.0
916.30 1.20 9.2 695.3 20.8
922.46 1.54 11.7 483.2 16.4
942.48 1.35 10.0 600.9 19.6
951.72 1.30 9.6 642.1 20.7
960.96 1.29 9.4 656.6 21.3
997.92 1.53 10.7 527.3 19.3

1016.40 1.03 7.1 978.0 29.9
1081.08 1.65 10.7 509.1 21.0
1127.28 1.10 6.8 975.8 34.3
1173.48 1.09 6.5 1034.0 37.6
1210.44 1.40 8.1 729.9 31.1
1227.38 2.58 14.7 296.9 17.4
1281.28 2.07 11.3 429.6 23.5
1292.06 2.48 13.4 330.8 20.0
1349.04 2.04 10.6 461.6 26.5
1376.76 1.33 6.7 901.7 42.5
1378.30 1.62 8.2 660.5 34.8
1455.30 1.73 8.3 639.6 36.4
1478.40 1.93 9.1 551.4 33.7
1546.16 2.08 9.4 515.4 34.2
1569.26 1.71 7.6 701.8 42.8
1581.58 1.79 7.9 660.4 41.5
1609.30 2.13 9.3 517.7 36.1
1670.90 1.74 7.3 728.0 47.7
1673.98 1.92 8.0 629.2 43.4
1744.82 1.52 6.1 931.1 59.5
S174.oo 2.03 7.9 620.3 47.1
1875.72 1.79 6.7 783.2 58.4
1851.88 2.26 8.4 553.9 46.6
"1932.70 1.98 7.2 693.7 56.1
2119.04 2.08 6.9 706.9 64.2
2380.84 2.49 7.3 607.4 67.8
2711.94 4.81 12.4 257.5 45.5
2909.06 2.99 7.2 561.8 84.0
2910.60 2.75 6.6 636.8 91.4
3290.98 6.06 12.9 220.6 53.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA
tw

Collection Zone: Azimuth: 90-95*
Ranye: 500 to 700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt., (r) Area (in. 2 ) (in. 2 /lb) (gr/in. 3) (ft/lb)

5523.98 4.88 6.2 512.4 185.8
2665.74 5.60 14.7 201.2 37.7
3716.02 4.42 8.3 399.9 92.8

13564.32 10.01 5.2 428.3 546.2

Total number of fragments = 152

Average ballistic density for all fragments 669.5

Average 9aomma for all frag•mnts - 11.147

Number of hazardous fragments in zone - 9

!iI



FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95a
Ranye- 700 to 900 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energ yWt (r)Ara in2) (in.2ilb) (gr/in.33 (ft/lb)
wt g)Area (in.2).Lb

312.62 .58 12.9 711.4 5.0
318.78 .62 13.5 659.4 4.9
323.40 .58 12.6 726.5 5.3
331.10 .53 11.3 850.9 6.1
331.10 .77 16.2 494.8 4.3
340.34 .87 7.9 419.4 4.0
343.42 .51 10.4 942.9 6.9
349.58 .72 14.3 578.2 5.1
349.58 .72 14.3 578.2 5.1
351.12 .83 16.6 461.0 4.4
361.90 .68 13.1 648.3 5.7
366.52 .98 18.7 377.8 4.1
368.06 .75 14.2 568.9 5 4
377.30 .79 14.6 540.4 :.4
378.84 .75 13.9 582.1 5.7
391.16 .46 8.3 1241.6 9.8
392.70 .64 11.4 770.6 7.2
392.70 1.01 18.1 384.6 4.5
397.32 .78 13.7 579.0 6.0
397.39 .81 14.3 543.0 5.9
"398.86 .65 11.4 7T7.6 7.3
400.40 .99 17.3 405.9 4A8
401.94 .78 13.6 581.2 6.1
411.18 .63 10.6 e32.2 0.0
411.10 .56 9.5 983.8 9.0
411.18 .98 16.6 425.8 5.1
412.72 .96 16.4 436.1 5.3
"415.80 .75 12.5 646.6 6.9
411.34 .61 10.2 880.3 8.5
428.12 .83 13.5 569.3 6.6
431.20 .65 10.5 832.4 8.6
440.44 .78 12.4 638.1 7.4
440.44 .56 8.9 1051.0 10.3
445.06 1.09 17.1 392.7 5.4
466.62 .69 10.3 923.1 9.4
477.40 .76 11.2 716.3 8.9
482.02 .07 12. 592.0 7.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

491.26 .75 10.6 760.9 9.6
500.50 .74 10.3 791.0 10.1
503.58 .89 12.3 602.8 8.5
508.20 .88 12.1 620.9 8.8
535.92 .86 11.3 667.3 9.9
546.70 1.10 14.1 473.9 8.1
566.72 .88 10.9 685.3 10.8
572.88 .82 10.1 767.3 11.8
574.42 .86 10.5 719.0 11.4
588.28 '.02 12.1 571.1 10.1
592.90 .94 11.0 655.8 11.2
600.60 1.24 14.4 437.1 8.7
609.84 .00 9.2 852.3 13.0
619.00 1.03 11.6 595.7 11.1
620.62 1.11 12.5 530.0 10.3
623.70 .75 8.4 950.9 15.4
629.86 .95 10.5 605.2 11.5
632.94 .i70 7 .F 1076.1 07.0
637.56 1.14 12.5 526.6 10.6
039. 10 .86 9,4 799.8 14.1
652.90: .92 9,9 740.4 13.8
662.20 1.02 10.8 642.8 12.8
680.60 1.3,4 13.9 431,1 10.2
682.22 1.17 12.0 539.1 11.8
696.08 1.00 10.0 699.2 14.4
703.7.8 1.00 9.9 704.9 14.7
717.64 1.07 10.4 648.4 14.3
745.36 1.00 9.4 747.6 16.5
748.44 1.36 12.7 470.3 12.2
762.30 1.08 9A9- 683.9 16.1
770.00 .95 8.7 827,7 18.5
773.08 1.35 12 " 492.9 13.2
788.48 .87 7.7 976.7 21.3
791.56 1.44 12.8 456.2 12.9
793.10 1.21 10.7 598.1 15.5
797.72 1.26 11.1 562.0 15.0
"806.96 1.30 11.3 546.3 14.9
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zonet Azimuth: 90-950
Range: 700 to 900 ft

Impact.

Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in.3 ) (ft/lb)

823.90 1.29 10.9 563.6 15.7
856.24 1.37 11.2 536.9 16.0
871.64 1.02 8.2 844.9 22.1
883.96 1.06 8.4 806.6 21.8
885.50 1.26 10.0 626.1 18.5
890.12 1.43 11.3 51¶.4 16.4
893.20 1.18 9.3 695.9 20.1
902.44 1.07 8.3 U18.8 22.7
914.76 1.15 6.4 746,6 21.7
920.92 1.16 8.U 733.3 21.6
931.70 1.21 9.1 702.6 21.4
953.26 1.12 8.2 a0l. 7 24.2
V56.34 1.56 11.4 469.9 17.4
977.90 1.14 8.2 801.3 24.9
987.14 1.20 9.1 684.1 22.7

1037.96 1.14 7.7 048.3 29.01048. 74 1.49 9.9 577.6 22.0

1057.98 1.09 7.2 927.1 30.5
1071.94 1.27 6,3 740,9 26,9
1167.32 1.45 9.7 660.6 27.9
1198.12 1.44 8.4 CIO. 0 29.7
1199.66 1.37 0.0 748.1 31.2
1213.52 2.32 A13.4 343.,tA 18.9
1304.38 2.43 13.0 344.1 20.8
1361.36 1.67 8.6 630.8 33.0
1309.06 1.24 6.3 s. 3 44.9
1395.24 1.91 9.6 526.6 30 23
14,198 iC 1.69 6.0 647.7 38.5
1M15.36 1.99 9.2 539.9 34.3
1555.40 1.67 7.5 720.1 43.0
1580.04 1.85 8.2 628.9 40.1
1781.78 1.55 6.1 926.9 61.0
1806.42 1.84 7.1 723.8 52.7
1920.28 2.36 9.1 502.1 41.7
1875.72 2.00 7.4 665.2 52.4
1880.04 3.05 14.3 249.9 27.5
1966.58 2.37 0.4 531.0 48.5
2163.70 2.83 0.2 454.5 49.5
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 700 to 900 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

2251.48 2.07 6.4 756.5 72.8
2256.10 1.92 6.0 846.0 78.7
2356.20 2.20 6.5 724.0 75.1
2374.68 2.56 7.5 579.8 65.5
2427.04 2.13 6.1 780.2 82.1
2579.50 2.59 7.0 619.2 76.4
2718.10 3.25 8.4 463.9 67.5
2735.04 2.97 7.6 534.4 74.8
4164.16 2.81 4.7 885.4 183.6
6152.30 4.60 5.2 623.6 244.5
1920.38 3.15 11.5 343.5 34.8
5383.84 5.80 7.5 385.4 148.5
6851.46 6.46 6.6 417.3 215.9
8530.06 6.17 5.1 556.6 350.4

19716.62 15.08 5.4 336.7 766.0
27057.80 14.74 3.8 478.1 1475.9
27476.68 12.84 3.3 597.2 1747.1
34118.70 14.92 3.1 592.0 2318.4

A 58170.42 21.18 2.5 596.8 4747.3

Total number of fragments = 131

Average ballistic density for all fragments - 648.4

Average gamma for all fragments = 10.375

Number of hazardous fragments in ione = 19
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 900 to 1100 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/ib)

"309.54 .80 18.1 433.4 3.6
311.08 .69 15.5 543.9 4.2
317.24 .55 12.0 786.3 5.5
321.86 .53 11.5 841.3 5.8
323.40 .59 12.8 711.8 5.3
324.94 .6t 14.8 568.2 4.6
329.56 .86 18.2 416.1 3.8
334.18 .57 11.9 780.7 5.8
341.88 .82 16.7 462.1 4.2
343.42 .81 16.4 473.7 4.3
344.96 .86 17.5 431.8 4.1
346.50 .62 12.6 704 6 5.7
349.58 .58 11.6 793.5 6.3
352.66 .88 17.4 429.4 4.2
355.74 .56 111i 839.9 6.7
358.82 .62 12.1 738.5 6.2
360.36 .74 14.3 570.7 5.2
360.36 .69 13.4 630.1 5.6
363.44 .88 16.9 441.8 4.5

364.98 .64 12.2 719.6 6.2
364.98 .73 13.9 591.2 5.5
368.06 .75 14.3 566.7 5.4

,J 369.60 .70 13.2 635.2 5.8
378.84 .82 15.2 507.4 5.2
380.38 .89 16.3 455.3 4.8
381.92 .69 12.6 673.7 6.3

j", 383.46 .64 11.7 745.4 6.8
392.70 .75 13.4 605.8 6.1
406.56 .67 11.5 744.7 7.4
408.10 .71 12.2 682.1 7.0
408.10 .63 10.8 816.1 7.9
408.10 .84 14.3 533.9 5.9
420.42 .81 13.5 574.6 6.5
440.44 1.58 25.0 222.8 3.7

4 441.98 .70 11.1 754.7 8.3
441,98 .33 13.1 587.7 7.0
"443.52 .69 11.0 767.1 8.4



FAR-FIELD FRAC J1 %.OLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 900 to 1100 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in.2/lb) (gr/in. 3 ) (ft/lb)

446.60 .72 11.3 725.0 8.2
446.60 .64 10.1 868.2 9.2

448.14 .90 14.1 522.3 6.6
452.76 .91 14.0 523.3 6.7
465.08 .76 11.4 707.5 8.5
472.78 .86 12.7 598.0 7.8
475.86 .87 12.8 589.5 7.8
480.48 .92 13.4 543.6 7.4
485.10 .94 13.5 533.1 7.4
488.18 .63 9.0 988.0 11.3
494.34 .79 11.1 710.8 9.3
495.88 .86 12.2 619.6 8.5
498.96 .87 12.2 618.1 8.5
502.04 .97 13.5 526.3 7.7
511.28 1.07 14.6 4E1.9 7.3
512.82 1.00 13.6 516.7 7.9
520.52 .67 9.1 940.7 11.9
523.60 .86 11.6 652.0 9.4
526.68 .76 10.2 788.7 10.8
532.84 1.13 14.8 443.6 7.5
562.10 1.10 13.7 487.2 8.5
575.96 .91 11.1 661.3 10.8
585.20 .83 10.0 771.1 12.2
600.60 1.05 12.2 558.2 10.2
609.84 .80 9.2 850.7 13.8
628.32 .85 9.5 796.1 13.7
649.88 .81 8.8 884.9 15.4
662.20 .94 9.9 726.6 13.9
662.20 .89 9.4 787.4 14.6
665.28 1.21 12.7 499.2 10.9
671.44 .95 9.9 726.3 14.1
722.26 1.06 10.3 663.7 14.7
733.04 .99 9.4 747.6 16.2
742.28 1.02 9.6 718.4 16.0
742.28 1.02 9.6 719.5 16.0
749.98 .99 9.3 756.8 16.8
759.22 .95 8.7 826.5 18.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
11ange: 900 to 1100 ft

Impact
Average Ballistic Kinetic

1ragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

793.10 1.23 10.8 582.8 15.2
805.42 1.20 10.5 609.7 16.0
817.74 1.18 10.1 641.2 16.9
823.90 1.12 9.5 699.8 18.1
868.56 1.28 10.3 602.6 17.6
873.18 1.35 10.9 554.2 16.7
882.42 1.25 9.9 628.4 18.5

¼883.96 1.19 9.4 680.9 19.5
890.12 1.24 9.e 644.6 19.0
911.68 1.38 10.6 562.4 17.9
914.76 1.23 9.4 670.6 20.2
914.76 1.42 10.9 541.7 17.5
944.02 1..3,, 10.3 576.0 19.1
950.18 1.21 8.9 713.9 22.2
96t.12 1.50 10.9 526.4 18.5
968.66 1.33 9.6 631.5 21.0
996.38 1.34 .4 642.3 22.0

1001.00 1.36 a.5 6?1.1 21.9
1019.48 1 09 7.5 895.9 28.3
1070,30 2.16 14.1 337.2 15.8
1124.20 1.51 ).A 605.9 24.9
1164.24 1.30 7.8 785.5 31.0
1182.7Z 1.22 7.2 877.7 34.1
1216.60 1.30 7.5 820.8 33.8
1265.88 1.76 9.' 542.2 27.1
1299.76 2.04 11.0 446.1 24.6
1301.30 1.45 7.8 741-.3 34.7
1336.72 1.51 7.9 720.0 35.2
1355.20 2.66 1..7 312.4 20.5
1378.30 1.16 8 9 590.3 32.1
1402.94 1.53 7.c 74¾.3 38.2
1483.02 1.71 8.1 663.2 38.2
1503.04 1.69 7.9 1 .1 39.7
1540.00 1.81 8.2 632.4 33.9
1583.12 1.81 8.0 E0.1 41.1
1618.54 2.08 9.0 539.5 37.4
1635.48 1.92 8.2 614.7 41.4
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9{ FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
} (Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 900 to 1100 tt

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1638.56 1.63 7.0 787.4 35.2
1694.00 1.92 7.9 636.7 44.4
1795.64 3.39 13.2 287.7 28.3
1848.00 3.91 14.8 239.0 26.0
1971.20 1.65 5.9 930.0 70.0
2139.06 2.33 7.6 601.4 58.4
2283.82 2.30 7.0 654.7 67.4
2721.18 2.80 7.4 553.9 76.1

2955.26 4.56 10.8 303.5 56.9
3213.98 3.22 7.0 556.2 95.3
3592.82 3.56 6.9 534.9 107.7
4181.10 4.14 6.9 496.4 125.5
5453.14 3.59 4.6 801.7 246.1
5523.98 4.29 5.4 621.7 211.4
5593.28 4.64 5.8 559.6 200.3
1931.16 3.36 12.2 313.6 33.0
2343.88 3.46 10.3 364.2 47.2
4154.92 4.72 8.0 405.2 108.7
8320.62 6.26 5.3 531.2 328.6
8389.92 7.54 6.3 405.2 277.4
8670.20 6.36 5.1 540.6 351.2
9019.78 7.07 5.5 479.8 341.9

12654.18 8.83 4.9 482.3 538.9
13214.74 7.96 4.2 588.4 651.9
19017.46 10.33 3.8 572.8 1040.3
23771.44 13.14 3.9 499.1 1277.9

Total number of fragments = 137

Average ballistic density for all fragments 619.9

Average for all fragments 10.778

Number of hazardous fragments in zone = 19
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FAR-FIRLD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

304.92 .54 12.4 770.6 5.1
308.00 .50 11.4 863.4 5.6
314.16 .62 13.8 642.0 4.7
318.78 .49 10.7 938.0 6.2
318.78 .50 10.9 907.1 6.1
321.86 .48 10.4 977.0 6.5

324.94 .48 10.2 992.6 6.6
329.56 .60 12.8 707.3 5.4
337.26 .50 10.4 948.2 6.7
337.26 .51 10.7 915.2 6.6
341.88 .72 14.6 565.5 4.9
344.96 .65 13.2 659.8 5.4
346.50 .70 14.1 596.7 5.1
348.04 .54 10.8 889.4 6.7
348.04 .56 3.1.2 832.7 6.4
348.04 .61 12.3 723.4 5.9
349.58 .51 10.2 965.5 7.1
351.12 .71 14.1 590.6 5.2
352.66 .52 10.3 943.2 7.1
358.82 .57 11.0 842.7 6.8
368.06 .61 11.6 768.8 6.6
374.22 .75 14.1 573.9 5.5
375.76 .59 11.0 825.0 7.1
377.30 .56 10.4 895.5 7.5
381.92 .61 11.1 805.6 7.1
385.00 .59 10.7 847.4 7.5
386.54 .65 11.7 744.5 6.9

395.78 .59 10.4 882.3 7.9
4 398.86 .70 12.3 682.5 6.8

398.86 .68 12.0 705.1 6.9
400.40 .74 13.0 625.2 6.4
405.02 .58 10.1 912.2 8.4
411.18 .72 12.2 677.3 7.0
411.18 .56 9.4 994.5 9.1
412.72 .63 10.7 825.4 8.0
414.26 .74 12.5 652.1 6.9
423.50 .63 10.4 842.9 8.4

B-154



2' FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

425.04 .76 12.5 645.3 7.1
426.58 .68 11.2 755.7 7.9
431.20 .65 10.6 817.2 8.5
435.82 .66 10.7 805.5 8.5
438.90 .74 11.8 688.1 7.7
438.90 .77 12.3 645.8 7.4
440.44 .75 11.9 680.8 7.7S441.98 .67 10.7 798.8 8.6
"• ;.445.06 .61 9.6 929.6 9.6

451.22 .71 11.0 754.2 8.5
455.84 .87 13.3 562.7 7.1
460.46 .76 11.6 695.0 8.3
465.08 .89 13.4 551.1 7.2
469.70 .77 11.5 692.5 8.5
469.70 .98 14.6 485.6 6.7
469.70 .68 10.1 845.1 9.7
475.86 .72 10.6 777.3 9.3
488.18 .71 10.2 810.9 9.9
492.80 .94 13.4 539.9 7.7
505.12 .91 12.7 578.1 8.3
509.74 .76 10.4 769.4 10.2
511.28 .80 11.0 713.2 9.7
512.82 .96 13.0 548.6 8.2
517.44 .63 8.5 1032.3 12.6
525.14 .67 9.0 951.2 12.2
526.68 .96 12.8 557.3 8.6
534.38 .76 10.0 806.5 11.2
535.92 .79 10.3 761.8 10.8
551.32 .75 9.6 843.7 12.0

S554.40 .76 9.6 836.8 12.0
569.80 .71 8.7 948.4 13.5
574.42 .78 9.5 835.5 12.6
575.96 .98 11.9 596.4 10.1
585.20 .95 11.4 629.0 10.7

, 595.98 .96 11.3 634.6 11.0
600.60 .90 10.4 709.3 12.0
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-95O
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in. 3 ) (ft/lb)

609.84 .98 11.2 632.5 11.3
619.08 .88 10.0 746.1 12.9
634.48 1.14 12.6 522.0 10.5
636.02 .99 10.9 644.7 .12.1
639.10 .83 9.1 848.2 14.7
640.64 .97 10.6 674.8 12.6
642.18 .78 8.5 935.8 15.8
648.34 .97 10.5 680.8 12.9
657.58 .95 10.f 713.5 13.6
663.74 1.07 11.3 597.2 12.2
669.90 1.01 10.5 661.0 13.2
671.44 .96 10.0 718.3 14.0
682.22 .80 8.2 960.6 17.4
683.76 .85 8.7 878.7 16.4
686.84 1.00 10.2 688.9 14.0
688.38 .96 9.7 735.3 14.7
693.00 .94 9.5 761.6 15.2
708.40 .92 9.1 805.4 16.2

711.48 .92 9.0 808.9 16.4
711.48 1.18 11.6 552.9 12.7
725.34 .99 9.6 733.0 15.7
725.34 1.07 10.3 654.4 14.6
740.74 1.09 10.3 647.4 14.9
742.28 1.24 11.7 540.2 13.2
746.90 1.06 10.0 682.5 15.6
748.44 .96 9.0 799.4 17.4
756.14 1.33 12.3 494.1 12.8

S765.38 .86 7.9 954.7 20.2
766.92 1.06 9.7 698.8 16.4
776.16 .91 8.2 892.6 19.6
780.78 .99 8.9 787.9 18.2
799.26 .96 8.4 848.4 19.8
820.82 1.18 10.1 638.7 16.9
823.90 1.30 11.3 535.9 15.1
825.44 1.12 9.5 697.3 18.1
845.46 1.12 9.3 710.4 18.9
860.86 1.12 9.1 728.2 19.7
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (grlin.3) (ft/lb)

862.40 .99 8.1 870.2 22.2
879.34 1.16 9.3 701.1 19.8
880.88 1.08 8.6 783.8 21.3
885.50 1.26 10.0 625.3 18.5
908.60 1.28 9.9 626.0 19.1
930.16 1.23 9.2 686.0 21.0
940.94 1.19 8.8 726.7 22.1
954.80 1.38 10.1 590.3 19.7
971.74 1.38 9.9 598.8 20.3
973.28 1.49 10.7 534.6 18.9
976.36 1.29 9.2 666.4 22.0
976.36 1.28 9.2 671.8 22.1
991.76 1.43 10.1 580.6 20.5

1044.12 1.26 8.4 740.0 25.8
1124.20 1.37 8.5 701.1 27.4
1125.74 1.38 8.6 694.4 27.3
1127.28 1.24 7.7 816.4 30.5
1179.64 1.61 9.6 577.4 25.7
"1258.18 1.24 6.9 911.2 3709
1272.04 1.58 8.7 640.5 30.4

k! 1292.06 1.24 6.7 935.7 40.0

1302.84 1.45 7.8 746.2 34.8

1316.70 1.68 8604.7 30.7
1376.76 1.83 9.3 556.1 30.8
1378.30 1.74 8.8 600.5 32.4S1381.38 1.77 9.0 586.6 32.0

1.. 1392.16 1.68 8.4 639.3 34.3
!:i1439.90 1.59 7.7 718.2 38.7
S1496.88 1.34 6.3 965.0 49.7

i i1498.42 1.75 8.2 647.3 38.1

1512.28 1.70 7.9 682.3 40.0
1519.98 1.52 7.0 811.1 45.2
1550.78 2.28 10.3 450.5 31.3
1555.40 1.42 6.4 919.2 50.6
1580.04 1.42 6.3 933.8 52.2
1603.14 1.36 5.9 1010.8 56.2
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2/lb) (grsin. 3 ) (ft/lb)

1617.00 1.81 7.8 664.0 42.9
1617.00 2.01 8.7 567.4 38.7
1687.84 1.41 5.8 1008.1 60.0
1687.84 2.08 8.6 562.6 40.7
1710.94 2.06 8.4 578.7 42.2
1794.10 1.86 7.3 707.3 51.4
1798.72 1.64 6.4 856.4 58.6
1826.44 1.53 5.9 965.1 64.8
1875.72 1.87 7.0 733.5 55.9
2014.32 2.21 7.7 613.1 54.6
2111.34 2.33 7.7 593.6 56.8
2192.96 2.04 6.5 752.6 70.0
2202.20 2.19 7.0 679.5 65.8
2212.98 2.37 7.5 606.5 61.4
2274.58 2.90 8.9 460.6 53.0
2282.28 2.71 8.3 511.6 57.1
2289.98 2.54 7.8 565.7 61.3
2336.18 2.24 6.7 696.8 72.4
2337.72 2.42 7.2 621,0 67.1
2370.06 2.49 7.4 603.2 67.0
2585.66 2.86 7.7 534.6 69.5
2594.90 2.44 6.6 680.8 82.0
2704.24 2.12 5.5 876.1 102.5
2708.86 2.93 7.6 540.1 74.4
2711.94 2.39 6.2 734.0 91.4
2742.74 3.12 8.0 497.7 71.6
2778.16 2.68 6.8 633.2 85.6
2825.90 2.99 7.4 546.6 79.4
2861.32 2.45 6.0 746.1 99.3
2895.20 2.27 5.5 846.5 109.7
3218.60 3.47 7.5 497.9 88.7
3255.56 2.91 6.3 655.8 108.2
3317.16 2.87 6.1 682.3 113.9
3354.12 2.93 6.1 668.8 114.1
3411.10 3.16 6.5 607.2 109.4
3497.34 2.50 5.0 884.8 145.4
3808.42 2.43 4.5 1005.4 177.4
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FAR-FIELD FRAGMENT COLLECTION DATA FRO THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1100 to 1500 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

3967.04 3.57 6.3 588.1 131.0
3968.58 2.98 5.3 771.5 157.0
3999.38 3.82 6.7 535.7 124.4
4096.40 2.88 4.9 838.1 173.1
4185.72 3.91 6.5 541.4 133.1
4231.92 4.22 7.0 488.2 126.1
4797.10 3.66 5.3 685.1 186.8
5383.84 4.38 5.7 587.3 196.6
5523.98 3.82 4.8 739.9 237.4
9578.80 6.73 4.9 548.6 405.1
7410.48 5.28 5.0 610.8 309.0

11745.58 7.03 4.2 630.1 583.1
27868.12 10.17 2.6 853.7 2239.6

6501.88 5.63 6.1 486.7 223.1
12725.02 6.83 3.8 712.9 704.5

6223.14 5.50 6.2 482.5 209.2
7760.06 5.80 5.2 555.5 308.5
9857.54 7.67 5.4 464.1 376.4

24261.16 12.83 3.7 527.9 1363.2
7621.46 5.56 5.1 581.3 310.4
6292.44 5.38 6.0 504.2 218.7
7690.76 6.01 5,. 522.0 292.4

235.79 2.3 s04.5 9687.5
3404.94 3.95 8.1 433.7 87.2S6223.14 5.23 S.9) 520.3 220.0

,)7341.18 6.08 5.8 489.7 263.4
, 6292.44 5.56 6.2 480.0 211.6
•. 7690.76 6.01 5.5 522.0 292.4

22862.84 15.42 4.7 377.6 1007.3

Total nmnber of fragments = 215

Average ballistic density for all fragments * 705.5

Average gamma for all fragments 9.047

Number of hazardous fragments in zone - 56
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1500 to 1900 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) Un.2 1lb) (gr/in. 3 ) (ft/lb)

329.56 .53 11.2 863.9 6.1
331.10 .55 11.6 816.2 5.9
355.74 .57 11.2 828.8 6.6
420.42 .61 10.2 876.0 8.6

423,50 .66 10.9 788.0 8.1
428.12 .87 14.3 525.8 6.2
438.90 .77 12.3 648.3 7.4
478.94 .66 9.6 893.2 10.3
480.48 .66 9.6 892.0 10.4
515.90 .77 10.4 771.0 10.3
532.84 .71 9.3 892.5 11.9
568.26 .80 9.8 801.7 12.1
611.38 .81 9.3 840.' 13.7
614.46 .83 9.4 818.5 13.6
700.70 .94 9.4 772.5 15.6
705.32 1.17 11.6 557.3 12.6
714.56 1.00 9.8 715.6 15.2
722.26 .97 9.4 757.2 16.0
739.20 1.21 11.5 555.4 13.4
806.96 1.15 9.9 656.9 16.9
825.44 .95 8.1 888.6 21.3
860.86 1.06 8.6 785.5 20.7
867.02 1.06 8.5 796.7 21.1
914.76 1.19 9.1 703.8 20.9
951.72 1.13 8.3 792.3 23.8
976.36 1.14 8.1 806.4 24.9

1067.22 1.17 7.7 840.1 28.9
1070.30 1.33 8.7 699.4 25.6
1088.78 1.24 8.0 784.7 28.3
1118.04 1.36 8.5 704.9 27.3
1127.28 1.26 7.8 794.2 29.9
1153.46 1.27 7.7 805.9 31.1
1156,54 1.48 9.0 642.3 26.9
1164.24 1.36 8.1 738,1 29.7
1168.86 1.67 10.0 541.6 24.3
1235.08 1.49 8.4 679.1 30.4
1241.24 1.,9 9.5 565.0 27.1
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION

(Continued)

BALLISTIC DATA

Collection Zone. Azimuth. 90-950
Range: 1500 to 1900 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2/lb) (gr/in.3) (ft/lb)

1321.32 1.50 7.9 719.2 34.6
1372.14 1.57 8.0 698.2 35.7
"1398.32 1.56 7.8 718.4 37.3
1466.08 1.42 6.8 866.4 45.0
1686.30 1.90 7.9 643.9 44.5
1743.28 1.83 7.4 702.5 49.3
1749.44 1.7? 6.9 775.5 52.9
1778.70 1.89 7.4 684.6 49.7
1877.26 2.18 8.1 583.2 48.0
2160.62 2.09 6.8 715.1 66.4

S2172.94 1.80 5.8 902.0 78.1
2376.22 1.86 5.5 936.7 90.2
2385.46 2.44 7.2 625.9 69.3
2591.82 2.80 7.6 553.2 71.3
2601.06 2.53 6.8 646.4 79.5
2644.18 2.21 5.9 804.8 94.0
2949.10 2.61 6.2 699.4 99.0
3061.52 2.58 5.9 734.8 107.9
3138.52 3.98 8.9 395.3 73.5
4150.30 5.09 8.6 361.4 100.6
4299.68 4.86 7.9 401.3 113.0

." 4700.00 5.41 8.1 373.5 121.3
8459.22 5.81 4.8 604.0 366.0

21604.66 16.02 5.2 336.9 865.8
22373.12 10.26 3.2 608.6 1449.7
22722.70 13.07 4.0 480.9 1173.8
27267.24 15.22 3.9 459.2 1451.6
29923.74 16.11 3.8 462.8 ,651i6
49989.94 24.23 3.4 419.1 3064.6

Total number of fraqmentS - 694.4

Average ballistic density for all fragments " 694.4

Averaye 9ama for all fragments w 8,219

Number of hazardous; ragmentu in zope - 20
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 1900 to 2300 ft

Impdct
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
Wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/Ib)

346.50 .66 13.3 650.7 5.4
934.78 1.35 10.1 595.9 19.2

1039.50 1.11 7.5 888.9 28.9
1410.64 1.66 8.2 659.6 35.6
1895.74 2.17 8.0 593.0 49.2
2125.20 1.94 6.4 786.5 69.2
2159.08 2.23 7.2 648.4 62.1
2177.56 2.25 7.2 645.2 62.6
2919.84 2.56 6.1 712.9 99)0
4305.84 2.75 4.5 944.2 200.3
4874.10 5..5 7.7 393.9 131.9
4883.34 3.84 5.2 703.2 194.7
4935.70 4.83 6.9 465.0 149.9
5021.94 5.11 7.1 434.8 346.7
5802.72 4.43 5.3 622.3 225.9
7830.90 6.93 6.2 429.3 262.9
8080.34 7.27 6.3 410.? 24.•
8739.50 7.93 6.4 391.4 286.2
9928.38 6.91 4.9 546.6 423.9

10627.S4 10.44 6.9 31.,1 321.5.18178.16 15.06 5.8 .1.1.0 652.0
20275.65 15,17 3.2 43. 805.2
21184.24 12.48 4.1 460.5 1068.5
22442.42 11.06 3.4 610.2 1353.2
24330.46 16.40 4.7 366,1 1072.6
25659.48 13.39 3.7 523.7 1461.1

Total number of fragmeints 26

Average ballistic density for all fracneotsL 556.6

Average gamma for all fragments 6.477

lhuaber of hazardous fraqonts in zone - 21
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FAR-FIELD FRAGMENT COLLECTION DATA FOR THIRTY-SIX PALLET DETONATION
(Continued)

BALLISTIC DATA

Collection Zone: Azimuth: 90-950
Range: 2300 to 2700 ft

Impact
Average Ballistic Kinetic

Fragment Presented Gamma Density Energy
wt. (gr) Area (in. 2 ) (in. 2 /lb) (gr/in. 3 ) (ft/lb)

1626.24 1,77 7.6 690.6 44.4

2864.40 2.64 6.5 667.8 92.3
3557.40 2.50 4.9 900.0 150.4
5028.10 3.84 5.3 668.2 195.6
5266.80 5.24 7.0 439.1 157.3
5313.00 5.62 7.4 398.8 149.2
4733.42 5.77 7.0 413.7 169.3

Total number of fragments = 8

Average ballistic density for all fragments 617.6

Average gamma for all fragments = 6.984

Number of hazardous fragments in zone = 6

.I
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